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Twentieth Annual Meeting of the Pacific Slope Branch 
American Association of Economic Entomologists' 


The twentieth annual meeting of the Pacific Slope Branch was held 
at the University of California at Los Angeles, June 26 to 28, 1935. The 
meeting was called to order at 10:00 a. m. June 26 by Acting Chairman 
Roy E. Campbell, in the absence of Chairman H. E. Burke, who was 
confined to his home by illness. 

Papers were presented during the forenoon and afternoon of the 26th 
and 27th, and during the forenoon of June 28. Saturday, June 29, many 
of the visiting entomologists and others visited the entomological build- 
ings at the Citrus Experiment Station at Riverside. 

The annual entomological dinner was held at the Mayflower Hotel 
on the evening of June 27. Our National President, Lee Strong, was the 
principal speaker at the banquet. 

Prof. Harry S. Smith gave the special invitation address at 1:30 p. m. 
June 27. His subject was ‘““The Role of Biotic Checks in the Determi- 
nation of Population Densities.” 

The total attendance at the Los Angeles meetings numbered 108, 
among which were the following members: 


H. M. Armitage S. B. Freeborn M. A. Stewart 
Stanley F. Bailey W. B. Herms Loyd L. Stitt 
A. J. Basinger Lawrence S. Jones M. W. Stone 
A. M. Boyce Trevor Kincaid A. L. Strand 
Bessie M. Broadbent A. F. Kirkpatrick Lee Strong 

R. P. Buckner T. F. Lemiman A. F. Swain 

L. W. Campbell D. D. Penny P. H. Timberlake 
Roy E. Campbell R. A. Perry Frank E. Todd 
R. Cecil C. F. Roseling J. E. Tucket 
E. R. deOng Harold J. Ryan 5S. A. Watson 
Herbert Donohoe H. A. Scullen R. L. Webster 
Wallace Durham A. L. Severin G. R. Wilson 
Walter Ebeling H. S. Smith R. S. Woglum 
J. C. Elmore Roger C. Smith C. H. York 
Stanley E. Flanders R. H. Smith G. T. York 


‘Following the recommendation of the special committee on Journal Policy, duly 
approved by the Association, but one paper by an author has been accepted for 
printing at this time. Ed. 
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The following committees were appointed: Nominating committee— 
H. J. Quayle, A. L. Severin; Resolutions—A. L. Strand, J. F. Eyer; 
Affiliations—H. A. Scullen, A. M. Boyce; Membership—J. C. Elmore, 
S. F. Bailey; Auditing—H. J. Ryan, P. C. Ting. 

The auditing committee reported favorably on the following financial 
statement of the Treasurer: 


Balance on hand June 22, 1934. $ 0.00 
Refund from parent society for 1934 meetings 35.99 
¢ Cash paid out as follows: 
Refund on overdraft for 1934 $ 7.48 
Postage and envelopes 10.72 
Addressing envelopes 1.00 
Mimeographing programs 6.15 


$28.35 $35.99 


Balance on hand, June 26, 1935............ 7.64 
$35.99 $35.99 


The auditing committee’s report was accepted. 

The nominating committee reported the following nominations: Chair- 
man—H. A. Scullen; Vice-chairman—A. L. Strand; Secretary-Trea- 
surer—J. F. Lemiman. 

Brief remarks were made by the National President, Lee Strong. 

It was announced that the 1936 meetings would be held at the Uni- 
versity of Washington, Seattle, Wn., during the third week of June. q 

An invitation was read from the Hawaiian Entomological Society in- 
viting the western entomologists to meet in Honolulu in 1937 or 1938. 
The invitation was called to the attention of the Pacific Division of the 
American Association for the Advancement of Science, with the sug- 
gestion that the other affiliated societies might be interested in plan- 
ning such a meeting some time in the future. The matter was taken 
under consideration. 


MOSQUITO CONTROL PROVIDES WORK-RELIEF 
PROJECTS NEAR RECREATION CENTERS 


By H. H. StaGe, Associate Entomologist, Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agriculture 


The shortening of the working day and week is one of the significant 
social trends of the present day. With this increase in leisure and greatly 
improved means of transportation, recreational opportunities have been 
placed within easy reach of the rank and file of our people, and week- 
end excursions are enjoyed by tens of thousands. Certainly a beneficial 
relaxation and healthier physical and mental conditions are secured 
from camping, picnicking, hunting, and fishing, which the increased 
leisure now readily affords. 

Until recently the administration of the national forests has been con- 
cerned principally with conservation, but the time has come when their 
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possibilities as recreational areas have brought them prominently to the 
attention of the public. The Forest Service has done much to encourage 
the use of these lands by establishing trails, clearing and improving 
camping sites, stocking streams, setting up monuments at places of his- 
torical interest, and erecting road signs. 

To all of these considerations the public has responded en masse, but 
it has too often had its enthusiasm checked by hordes of tormenting 
mosquitoes, which, in their season, have made the holiday decidedly 
unpleasant. ‘‘Never again,” is the firm resolve often heard after an un- 
successful attempt at defending one’s self against these insect pests for 
a day and a night. 

It is hard to understand why man has so long tolerated such tor- 
mentors without having done more about it. Perhaps their active sea- 
son of 2 or 3 months is too short to be considered seriously, possibly an 
insufficient proportion of our population is troubled by them, or it may 
not be widely known that mosquitoes often can be economically reduced 
to numbers that are no longer troublesome. Be that as it may, in these 
days of work projects requiring hand labor for relief purposes, and at 
a time when we hear of planning commissions, et cetera, it would seem 
an opportune time to discuss the possibilities of mosquito control. 

Permanent mosquito control lends itself readily to hand labor be- 
cause of the ditching, filling, and brush clearing which are usually neces- 
sary. Seasonal or temporary control over extensive areas by spraying 
oil on the surface of water infested with mosquito larvae is also possible 
by the use of hand labor. 

In any type of mosquito control it is necessary to learn, first of all, 
the particular kind of mosquito that is causing the annoyance, since 
in the many species native to the United States several widely different 
breeding habits are to be found. This is important, as the egg-laying 
habit of your particular tormentor will determine to a large extent the 
measures necessary to effect control. Some species lay their eggs in 
stagnant water; some in water in artificial containers; some in salt- 
water marshes; some only on clean pond, irrigation, or spring water; 
and several species of the genus Aedes do not lay their eggs in water 
at all. Instead, their eggs are deposited on cool, moist ground which 
has recently been flooded by water either from melting snow, swollen 
streams, or rain. These eggs remain on the ground from the summer 
of one year until they are covered by water the following spring; or, if 
they are not covered by water the following year, they may remain vi- 
able for several seasons awaiting the necessary flooding. Only one brood 
of these mosquitoes is produced during a season, but the pests may live 
for a period of several weeks. 

Much annoyance is caused by the great hordes of mosquitoes of the 
genus Aedes in the northwestern part of the United States and in Can- 
ada, and their larvae are to be found in early spring in pools formed by 
rain or melting snow, frequently hidden from view by dense brush, and 
in the calm, protected back water of swollen streams and rivers. 

Camp sites and other centers of recreational interest situated within 
a few miles of such mosquito-producing areas may be protected by 
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either the semipermanent method involving drainage, or by a tempo- 
rary method which consists in the destruction of the larvae by means 
of an oil spray. 

An excellent example of the possibilities of semipermanent control by 
draining or filling seepages and temporary pools of rainwater is to be 
found on the northern end of Bainbridge Island in Puget Sound, where 
a Federal and State CWA project was conducted during the winter of 
1933-34. During April, May, and: June of each year summer residents 
in the vicinity of Port Madison, Wash., had been greatly annoyed and 
land values impaired considerably by numbers of Aedes mosquitoes 
These mosquitoes were produced in the innumerable pools of rainwater 
that accumulated during the heavy spring rains. An efficient control 
by oiling alone was impossible because the majority of breeding pools 
were hidden from view and even rendered inaccessible by dense growths 
of briars, ferns, and underbrush. 

During the operation of the-CWA projects, the ground was first in- 
spected by an engineering party of two or three men who located on 
maps the position and extent of all collections of water. These pools 


Fic. 122.—Small mountain meadow partially flooded by melting snow. 
When flood water on such a meadow has dried, mosquitoes lay their eggs 
on the damp soil. When the flooding is repeated the following year, the 
eggs hatch 


and seepage waterways were then cleared of brush and connected with 
Puget Sound by drainage ditches. In this work 57,941 feet of ditches 
were dug, 435 feet of culverts installed, and 30 acres of land cleared of 
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dense brush by approximately 40,000 man hours of labor. One season's 
observation indicates that the results are as nearly perfect as possible, 
as there was no annoyance from mosquitoes during the summer of 1934. 
This type of contrel is semipermanent in character, but it requires some 
maintenance work on the ditches and clearing of brush each year, and 
needs to be supplemented somewhat by local applications of oil. 

In two rather large mountain areas, at the southern base of Mt. Hood, 
Ore., in the Mt. Hood National Forest, and in the Columbia Na- 
tional Forest at Twin Buttes, southwest of Mt. Adams, Wash., good 
temporary control by spraying infested water with oil was established 
early in the spring of 1934 by the Forest Service, which furnished CCC 
labor, and by the Bureau of Entomology and Plant Quarantine, which 
directed and supervised the work. These areas were notorious for 
mosquitoes and, since CCC camps were to be located there, were 
selected for treatment. 

Although inspections for mosquito larvae were made early in April 
it was found that because the season was so well advanced some of the 
wrigglers had already pupated. Since the mosquito remains in the pu- 
pal stage but a few days before transforming to the adult stage the 
work of spraying oil was started immediately. Results would have been 
even more satisfactory and the work less complicated had the first in- 
spections been made with the first melting of snow. Diesel fuel oil cost- 
ing 6 cents per gallon was used at the rate of approximately 20 gallons 
per acre of water surface. From two to six oilers working under the di- 
rection of a foreman familiar with mosquito control successfully treat- 
ed several square miles. From 2 to 4 acres of water surface were treated 
daily by each oiler. In these districts mosquitoes were greatly reduced 
in numbers at nominal expense. 

As in other lines of work, mosquito-control activities should be di- 
rected by someone having knowledge of effective control procedure. It 
is useless to spray all water in the vicinity if there are no wrigglers pre- 
sent, and it is equally important to first kill those wrigglers that are 
furthest developed. In mountainous districts the large bodies of open 
water are free of wrigglers and present no mosquito problem until their 
margins are flooded. It should be pointed out that often mosquito con- 
trol can be as efficiently conducted by maintaining the level of perma- 
nent ponds in mountainous districts as by draining them. Moreover, 
such ponds and lakes should be retained for the protection and propa- 
gation of fish and waterfowl. It is the patches of ground, whether large 
or small, that are covered by water only 2 or 3 months of the year that 
provide the great mosquito-breeding areas in high altitudes in the North. 


CONCLUSION 


Mosquitoes are sometimes a serious annoyance to the rank and file 
of our people who by thousands wish to spend their increased leisure in 
recreational areas. 

Mosquito control requires considerable hand labor and so provides 
ideal work-relief projects. 
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The mosquito species constituting the greatest nuisance in the north- 
western part of the United States lay their eggs on ground that is cov- 
ered by water only 2 or 3 months each year. 

The mosquito pest can be reduced in these areas by maintaining the 
level of permanent ponds; by connecting with the natural sources of 
drainage, by means of ditches, those low areas collecting water from 
rain and melting snow; and by spraying a cheap fuel oil on the surface 
of water infested with the wrigglers, or larvae, of mosquitoes. 


TICK TRANSMISSION OF CALIFORNIA RELAPSING FEVER 
By W. B. Herms!' and C. M. WHEELER’, University of California 


Although we are told that the natives of Africa have dreaded tick 
bites from time immemorial, David Livingstone, the explorer, was ap- 
parently the first to report upon the evil effects following the bite of 
a tick which we now know as Ornithodorus moubata (Murray), described 
in 1877. It was not, however, until 1904 that Ross and Milne’ and in 
1905 Dutton and Todd‘ reporting from Uganda and the Congo, and 
almost simultaneously Robert Koch from the late German East Africa 
gave us the knowledge that these evil effects were due to a relapsing 
fever and that this tick is the vector of the causal agent, namely a spi- 
rochaete. Although this spirochaete of African relapsing fever is com- 
monly known as Spirochaeta duttoni, it like other spirochaetes of the 
arthropod borne relapsing fevers should perhaps be more properly known 
as Spirochaeta recurrentis, the spirochaete of Obermeier who demon- 
strated the spirochaetal nature of relapsing fever in 1867-68. Because 
of the large variety of specific names given the causal agents of the re- 
lapsing fevers such as S. duttont, S. novyi, S. kocht, S. carteri, S. vene- 
zuelense, and S. turicatae, it is well to bear in mind the probable unity 
of the species in spite of the fact that there are evidences of serological 
difference. 

Between the time that Livingstone reported African tick fever (1857) 
and the reporting of the causative organism by Ross and Milne, Dut- 
ton and Todd, and Koch (1904-06), Sacharoff reported a tick borne 
disease in Transcaucasus (1891), in this case a fowl disease and the 
causative organism was reported as a spirochaete (Spirochaeta galli- 
narum) by Marchoux and Salimbeni® in 1903. Thus another spirochae- 
tosis attributable to an argasine tick was added to the list and since 
that time other spirochaetoses in various parts of the world have been 
reported with argasine ticks of the genus Ornithodorus as vectors. There 


1Professor of Parasitology. 

2Assistant in Entomology and Parasitology. 

’Ross, R. H. and Milne, A. D. 1904. Tick fever. British Med. Jour., vol. 2, pp. 
1453-1454. 

‘Dutton, J. E. and Todd, J. L. 1905. The nature of human tick fever in the 
eastern part of the Congo Free State, with notes on the distribution and bionomics 
of the tick. Liverpool School Trop. Med., Memoir XVII, 18 pp. 

SMarchoux, E. and Salimbeni, A. 1903. La spirillose des poules. Ann. I’Inst. 
Pasteur, vol. 17, pp. 569-580. 
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seems to be evidence to support the belief that all the species of ticks 
belonging to the genus Ornithodorus may be more or less effective labo- 
ratory vectors of the various so-called species of spirochaetes listed 
above. 

In fact Nuttall has shown that the tick Ornithodorus moubata may 
serve as a vector not only for Spirochaeta duttont but for S. recurrentts 
as well. Brumpt states in general that relapsing fever spirochaetes car- 
ried by ticks are not likely to develop in lice, although S. recurrentis, 
a louse borne spirochaete, can be carried rarely by Ornithodorus mou- 
bata; also the tick borne African relapsing fever spirochaete, S. duttonzi, 
can be carried by lice, evidence to the effect that we are dealing with 
only one species of spirochaete. In pursuing experimental work of this 
nature it is well to bear in mind that Hindle has found that only about 
30 per cent of O. moubata from Uganda became infected with its nor- 
mal spirochaete. Negative results based on relatively few individuals 
may not be conclusive negative evidence. Differences in the viability 
of the spirochaetes during the course of the disease as well as tick ex- 
centricities may account for negative evidence. Temperature appar- 
ently strongly influences spirochaetal development within the tick and 
plays an important role; 30-35° C appears to be a favorable temper- 
ature. Once infected the tick continues to harbor spirochaetes for the 
rest of its life, and moreover the spirochaetes are transmitted to the off- 
spring through a number of generations. It has been found that a tick 
may remain infective for at least eighteen months in spite of repeated 
feedings on clean animals. 

Spirochaetes ingested with an infective blood meal undergo definite 
changes within the bodies of the invertebrate hosts. They soon dis- 
appear from the lumen of the gut and eventually reappear in the vari- 
ous internal organs where certain changes and multiplication take place. 
During this time it seems the vectors are non-infective, becoming in- 
fective in a varying length of time depending upon the temperature 
and other factors. 

According to most workers in this field infection of the vertebrate 
host is rarely possible through the bite of either lice or ticks. Our evi- 
dence is not in accord with this. Spirochaetal infection through lice is 
accomplished by scratching or rubbing the skin with louse contami- 
nated finger nails or fingers, entrance of the spirochaetes being gained 
through the excoriated skin. 

In the case of the tick no doubt the crushed body may also be a source 
of infection, although infection is believed to be accomplished prin- 
cipally by means of infectious tick feces. The coxal fluids may play a 
role in washing the infective feces of a previous feeding into the wound 
made by the mouth parts of the tick or may even assist the spirochaetes 
in entering the unabraided skin. Our investigations show that feces are 
seldom present at the time of feeding. We have no evidence thus far 
that either the coxal fluids or feces are infectious. 

Ticks oF THE GENUS ORNITHODORUS IN CALIFORNIA.—Of the two 
dozen or more known species of Ornithodorus, at least four occur in Cali- 
fornia, and seven of the total have been reported as vectors of spiro- 
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chaetosis in nature (Nuttall 1930)*. While the species of this genus are 
mostly inhabitants of tropical and subtropical climates, living speci- 
mens of Ornithodorus talaje have been taken repeatedly both during the 
summer and in midwinter in a house in western New York (Matheson 
1931)’. The same species has been recorded from Wisconsin, Minne- 
sota, and Colorado. In California ticks of this genus occur in some 
instances at high altitudes under rigid climatic conditions. 

Aside from the fowl tick, Argas persicus, which is widely distributed 
in California, the following argasine species in the genus Ornithodorus 
have been reported here namely, O. cortaceus Koch, O. turicata (Duges), 
O. talaje (Guerin-Meneville), and O. (Otobius) megnini (Duges). To this 
list must now be added O. hermst described by Wheeler®. 

Ornithodorus coriaceus Koch is commonly known as the ‘‘pajahuello”’ 
or “pajaroello.’’ This species is particularly a deer tick, but has been 
taken from horses, cattle, and man. It will feed readily on experimental 
animals such as monkeys, rats, and mice. It has a very severe bite which 
may have serious consequences’. 

Ornithodorus turicata (Duges) is known as the “‘turicata.’’ It has 
been taken from horses, cattle, pigs, llama, tortoise, and man. It has 
aiso been reported as occurring in gopher holes. The bite of this species 
is painful and is said to produce grave effects (Nuttall). This species is 
rare in California but is, we are told, very common in certain portions 
of Texas and southward. This species of tick has been reported (proba- 
bly erroneously) from the vicinity of Lake Tahoe (Calif.). It is a proven 
vector of spirochaetosis. 

Ornithodorus talaje (Guerin-Meneville) is known by the name “‘tal- 
aje.’’ Its habits are similar to the above and like O. turicata is also ap- 
parently rare in California. It is particularly a Mexican, Central Ameri- 
can, and South American species. It is also a proven vector of spiro- 
chaetosis. 

Ornithodorus megnini (Duges), now known as Otobius megnint, is com- 
monly called the “‘spinose ear tick’’’. It is a widely distributed species 
in California. It has been taken from the ears of many species of ani- 
mals such as cattle, horses, mules, rabbits, and also occasionally man. 
The eggs of this tick are deposited on the ground as is the case with 
others of the genus, but the larvae on hatching find their way to the 
bodies of their hosts and invade the auditory meatus where they de- 
velop to maturity without leaving this location. Thus quantities of 
cast skins collect in the ear passages. Injury is often severe. 


‘Nuttall, George H. F. 1930. Le rdéle pathogéne des tiques. Jour. Med. Bruxelles. 
12 Oct. 

™atheson, Robert. 1931. Note on the tick Ornithodorus talaje (Guer.-Men.). 
Parasit., vol. 23, no. 2, 11 May. 

’Wheeler, Charles M. 1935. A new species of tick which is a vector of relapsing 
fever in California. Amer. Jour. Trop. Med., vol. , no. 1, July. 

*Herms, William B. 1916. The Pajaroello tick (Ornithodorus coriaceus Koch), with 
special reference to life history and biting habits. Jour. Parasit., vol. 2, pp. 137-142. 

“Herms, William B. 1917. Contribution to the life history and habits of the spinose 
ear tick, Ornithodorus megnini. Jour. Econ. Ent., vol. 10, no. 4, pp. 407-411. 
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Ornithodorus hermsi Wheeler (Fig. 123) was originally taken at Lake 
Tahoe in the Sierra Nevada in August 1931 and occurs well distributed 
in the high mountains of California from Lake Tahoe southward. Wheel- 
er states that O. hermsi differs from O. talaje in (a) the absence of 
large discs on the dorsum, (b) the characteristic sculpturing of the in- 
tegument, (c) microscopical differences in the structure of the integu- 
ment, (d) arrangement of the dentition of the hypostome, (e) the ab- 


Fic. 123.—Ornithodorus hermsi Wheeler, a new tick vector of relapsing fever in 
California. Mature female tick, dorsal view left, ventral view right. Measures 
about 5 mm. in length by 3.5 mm. in width. 


sence of lateral flap-like borders at the margins of the capitulum, (f) 
the shape of the cheliceral teeth, (g) the shape of the anal grooves, and 
(h) the tarsi bearing diagnostic protuberances. This new species differs 
from Orntthodorus venezuelensis in (a) the sculpturing of the dorsum, 
(b) the protuberances of the tarsi, (c) shape and position of anal grooves, 
and (d) the dentition of the hypostome. This new tick differs from Orni- 
thodorus turicata in (a) the absence of clubbed hairs between the mam- 
millae, (b) the arrangement and number of teeth on the hypostome, 
(c) the decidedly smaller hypostome, (d) the arrangement and number 
of protuberances on tarsi I and IV in particular, and (e) the smaller 
size of the adults, females measuring not over 5 mm. in length and 3.5 
mm. in width. 

Lire History oF OrNITHODORUS Ticks.—The species of ticks with 
which this paper is particularly concerned (Ornithodorus spp.) are nor- 
mally nocturnal in feeding habits (they will feed readily any time dur- 
ing the day or night under laboratory conditions) behaving in the later 
nymphal stages and as adults in much the same way as do bedbugs. 
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In some species at least the newly hatched hexapod seed ticks do not 
feed until after the second molt; the larvae attach themselves to the 
host and remain attached usually not over thirty minutes. Having 
achieved the fourth pair of legs with the second molt (the first molt 
occurs in most cases while still in the egg) the nymphs visit their hosts 
at night becoming engorged in a very few minutes (15 to 45). The num- 
ber of molts intervening between the larva and sexual maturity varies 
from five to seven and frequently more. Manifestly, the time required 
for complete development depends on the opportunity to feed, and the 
length of time of the several instars depends upon temperature as well 
as food. Our laboratory records show from 159 to 343 days as the time 
for the complete development of Or t'hodorus coriaceus. Egg deposition 
does not preclude further ecdyses. 

The mature female ticks deposit their eggs in batches from a few 
dozen to 300 and over, with a total of often more than 1,000. The eggs are 
generally deposited at night in sand, dirt or lint, wherever the ticks 
are in hiding. In the laboratory eggs are readily deposited in paste- 
board pill boxes. 

The longevity of the Ornithodorus ticks is quite remarkable. Several 
records show that adult females may remain alive without food for 
more than two years. One of our specimens, an adult female O. megninz, 
remained alive without food from April 7, 1927, to November 26, 1929, 
a total of two years, seven months, and thirteen days, not counting the 
time prior to coming into our hands as an adult from the ear of a cow. 
We have specimens of O. coriaceus still living taken over four years 
ago (June 1931) as adults: however, these individuals have been fed 
about twice a year. 

RELAPSING FEVER IN CALIFORNIA.—The first two cases of relapsing 
fever reported for California occurred at Polaris on the Truckee River 
in 1921." Since that time the incidence has been increasing from year 
to year. At this writing eighty-six cases have been reported to the Cali- 
fornia State Department of Public Health: over half of these occurred 
during the past three years. Most of these cases have occurred in the 
vicinity of Big Bear Lake in San Bernardino County and Lake Tahoe. 

While ticks have been suspected as vectors for some time (Herms 
and Wheeler 1934)" no substantial positive experimental evidence in- 
criminating a particular species was obtained until October of 1934. 
Our first intensive search for the vector of relapsing fever in California 
was made during the summer of 1931. On August 12 of that year three 
specimens of mature ticks of the same genus, Ornithodorus, were taken 
in a cottage where cases of this disease had occurred about a month 
previously. This cottage was located at Brockway, Lake Tahoe (Calif.) 
at an approximate elevation of 6,000 feet above sea level. On exami- 
nation and comparison with other species of the genus Ornithodorus 


“Briggs, LeRoy H. 1922. Relapsing fever in California. Jour. Amer. Med. Assoc., 
vol. 79, pp. 941-944. 

2%Herms, W. B. and Wheeler, C. M. Ticks of the genus Ornithodorus in relation to 
spirochaetosis in California—experimental and field observations. Paper presented 
at a joint meeting of Section N (Medical Sciences) A. A. A. S. and the American 
Society of Parasitologists, June 20, 1934, in Berkeley, California. (In Ms.) 
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the specimens taken at Brockway were believed to be an undescribed 
species of tick. During the course of experimental work these three 
specimens were accidentally destroyed. 

Field observations were undertaken by the California State Depart- 
ment of Public Health" during the late summer of 1931 and the spring 
of 1932, in cooperation with the Hooper Foundation for Medical Re- 
search, under the direction of Dr. K. F. Meyer, and the Division of 
Entomology and Parasitology of the University of California, under 
the direction of the senior author of this paper. Cases of relapsing fever 
had been reported from near Lake Tahoe in Placer County, Packer Lake 
in Sierra County, and Big Bear Lake in San Bernardino County. A 
survey was made to determine, if possible, the prevalence of ticks in 
each of these regions, and the rodent reservoir of the spirochaetes. 

The field crew consisted of four men regularly employed as plague 
crew men, an epidemiologist, and an entomologist. The routine duties 
consisted of shooting and trapping rodents; making post-morten ex- 
amination of the rodents; inoculating blood as well as the macerated 
organs, including the brain, spleen, heart, and liver into normal white 
mice; combing the dead animals for ectoparasites such as ticks, mites, 
fleas, and lice and making identifications; searching deer beds, grass 
and brush, as well as the nests and burrows of rodents in an effort to 
locate ticks. At night by flashlight, cottages which had housed cases 
of relapsing fever were searched with wire probes for ticks which might 
be hiding in cracks and crevices of the floors and walls. Beds and bed 
clothing were also examined. At Lake Tahoe in 1931 we were success- 
ful in finding two ticks hidden away in a crevice in the corner of one of 
the cottages. The identity of these ticks remained obscure until more 
material was collected later on. These ticks were then taken to the 
Hooper Foundation for Medical Research and attempts at transmission 
were undertaken, but during the experiment the ticks were killed. Mon- 
keys were used in these unsuccessful tests. 

During this field work spirochaetes were found to be abundant in 
the blood of the chipmunk, Eutamia sp. At Packer Lake a red tree 
squirrel was also found to harbor spirochaetes in the blood which, when 
inoculated into white mice, produced the symptoms of spirochaetosis, 
and organisms were demonstrated in prepared blood smears. 

In September of 1933 several specimens of Ornithodorus were sent 
to us by one of our former students, Mr. E. R. Hinderer of Fawnskin, 
Big Bear Lake, California. These ticks, he stated, were taken from the 
room and bed of a patient who had suffered a suspected attack of re- 
lapsing fever. All but one were preserved in alcohol for taxonomic study. 
The remaining specimen deposited fifty eggs in July 1934, giving rise 
to young some of which are still being used for experimental purposes. 

On August 13, 1934 a trip was made (C. M. Wheeler and others) to 
Big Bear Lake in San Bernardino County (Calif.), elevation about 
5,700 feet. An examination of cottages was made in which cases of re- 
lapsing fever had been reported from time to time, especially during 

Porter, Giles S., Beck, M. Dorothy and Stevens, I. M. 1932. Relapsing fever 
in California. Amer. Jour. Pub. Health, vol. XXII, no. 11, pp. 1136-1140. 
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the spring and summer months of 1934. Accumulated dust and lint 
were scraped from the cracks of the floor and from between the floor 
and mopboards and from behind and around window sills, et cetera. 
Mattresses and furniture were examined, also attics when present were 
examined by means of flashlights and wire probes for the nests of ro- 
dent invaders. A similar search was ‘made beneath the houses when 
possible. Dirt from rodent burrows found near the buildings was sifted; 
log slabs when these were incorporated into the building were removed 
from locations where rodents were known to have entered and exami- 
nations were made with a mirror and flashlight. Based on the clue that 
ticks are in some cases attracted to the odor of perspiration from horses, 
an old perspiration-impregnated horse blanket was found and spread 
out on the floors of two of the infected cabins and an all-night, unsuc- 
cessful vigil was undertaken to detect ticks. 

A cabin in which three cases of relapsing fever had been reported and 
searched as above, gave us seventeen ticks while another cabin, but 
one specimen, all of the same suspected new species. Collections of ro- 
dent nesting material taken from these cabins were taken to the para- 
sitology laboratory, Division of Entomology and Parasitology, Uni- 
versity of California at Berkeley and resulted in several dozens of speci- 
mens of ticks also of the same species. Other collections of ticks from 
the same vicinity have been received since, having been sent to us by the 
San Bernardino County Health Officer, Dr. E. B. Godfrey. Thus ample 
material of this new species of tick has come to hand for study and test- 
ing. 

LABORATORY INVESTIGATIONS 


Ornithodorus coriaceus. NEGATIVE 

Because of the availability of material for experimentation our first 
experimental work was done with Ornithodorus coriaceus, the pajaroello 
tick. In experiments with this species spirochaete strain Number 334 
(Hooper Foundation) was used. This strain was originally discovered 
in the blood of chipmunks which had been shot, and their blood pooled 
and inoculated into white mice. The chipmunks were taken at a focus 
of infection of relapsing fever. 

Normal susceptible white mice, previously inoculated with this strain 
of spirochaetes were subject to the bite of late nymphal stages as well 
as adult Ornithodorus coriaceus until the ticks were completely engorged 
and dropped from the animals. The ticks were recovered and placed 
in pill boxes over damp sand, some being kept at a constant temperature 
of 35° C., while others were kept at room temperature. The time elaps- 
ing between feedings (complete engorgement) averaged thirty days at 
the end of which time the ticks were fed on normal white mice. The feed- 
ing cages consisted of a cylinder of quarter-inch mesh wire open at one 
end and provided on one side with a rectangular opening exposing the 
abdomen of the mouse which was shaven and to which the ticks were ap- 
plied after the mouse had squeezed into the cylinder which was plugged 
with cotton to prevent the mouse from backing out. 
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The time required for this species of tick to feed to repletion varied 
from twelve minutes to nearly an hour. Bleedings from the tails of the 
experimental mice were made at intervals of 3, 6, 9, 12, 15, and 18 days 
after tick bites, the blood stained with Wright’s or oxalated gentian 
violet and examined for spirochaetes. Mice in this experiment which 
died from any cause while under observation were examined post mor- 
tem for pathological evidence and in several cases such organs as the 
heart, spleen, liver, and brain were ground in sterile sand, and intra- 
peritoneal inoculations were made into normal white mice which were 
observed for spirochaetosis. Numerous tests were made in this manner 
also by grinding ticks in sterile sand to which sterile salt solution was 
added and one cubic centimeter of supernatant fluid drawn off and in- 
oculated intraperitoneally into normal white mice. All of our tests with 
Ornithodorus coriaceus“ were negative with the exception of one in- 
stance in which one spirochaete was observed in a blood smear. This 
strain of spirochaete was finally lost during the course of these tests. 


Ornithodorus hermsi. Positive” 

On September 23, 1934 six specimens of the tick now known as Orni- 
thodorus hermst were selected from the lots taken at Big Bear Lake 
(Calif.) on August 17 and September 13, 1934, and were then placed 
on the shaven abdomen of a Macacairus monkey. The ticks fed to re- 
pletion in 19 to 31 minutes and detached voluntarily with no trace of 
coxal fluids or fecal material apparent on either the skin of the monkey 
or on the ventral surface of the ticks. On October 9, 1934 the monkey 
developed characteristic symptoms of relapsing fever and spirochaetes 
were present in the blood smears prepared from blood taken from the 
ear of this animal. A relapse occurred on October 23, 1934 and again 
spirochaetes were shown to be present in the blood. 

On February 1, 1935 one nymphal tick taken on August 17, 1934 
from a chipmunk’s nest in the Garnett cottage at Big Bear Lake (Calif.) 
and not having fed previously on any experimental animal was placed 
on the shaven abdomen of a normal white mouse. The tick attached 
immediately and fed to repletion in thirty-three minutes and detached 
of its own accord. At the base of the first pair of legs there appeared 
two small white flecks indicating the presence of coxal fluid which crys- 
tallized immediately on coming in contact with the air. The body of 
the tick was greatly distended with blood imparting to it a strawberry- 
red color except for the anterior point which was whitish in appear- 
ance. This coloration lends itself admirably to the description of the 
‘‘strawberry-seed insect’’ reported found in the beds of patients having 
relapsing fever. 

On February 5, 1935, four days after being bitten by the tick, blood 
smears prepared from this white mouse proved positive for spirochaetes 

“This phase of the investigation was carried on by Mr. Herbert P. Herms under 
the direction of the senior author and constituted the basis for a thesis submitted 
n partial satisfaction of the degree of Bachelor of Science (May 1933). 

‘Wheeler, C. M., Herms, W. B. and Meyer, K. F. 1935. A new tick vector of 
relapsing fever in California. Proc. Soc. Exp. Biol. and Medicine, vol. 32, pp. 1290 
1292. 
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and were found continuously in the blood of this animal for approxi- 
mately one month. On February 6 blood taken from the tail of this 
mouse and mixed with one cubic centimeter of sterile salt solution was 
inoculated into two other normal white mice, spirochaetes being demon- 
strated in their blood on the third day after inoculation. A total of 
eighteen successful transfers into white mice was made in this series. 

To test the coxal secretions of the ticks several of the flecks of ma- 
terial mentioned above were removed from the ventral surface of proven 
infectious nymphal ticks and were placed into an incision in the skin 
of a normal white mouse. No spirochaetes were found after repeated 
bleedings over a seventeen-day period. 

On February 1, 1935 one nymphal and one adult female tick taken 
on September 13, 1934 from Eagle Point, Big Bear Lake (Calif.) hav- 
ing previously fed on a white mouse infected with Spirochaeta recur- 
rentis (Gray strain, Lake Tahoe, Calif.) were allowed to feed on a nor- 
mal white mouse. The nymph attached at once and the adult female a 
few minutes later. After feeding for a period of approximately twenty 
minutes these ticks were forceably removed. No fecal material nor coxal 
fluids were in evidence. Blood smears prepared on February 6, five 
days after being bitten by ticks, were positive for spirochaetes in great 
numbers. The mouse died February 12. A series of ten passages was 
successfully completed. Later the nymph molted passing to the adult 
stage and proved to be a male. This male was allowed to feed on a nor- 
mal mouse on May 22, 1935 and spirochaetes were again transmitted. 
The female fed again on a normal mouse but the blood proved to be 
negative for spirochaetes. 

A total of thirty-nine feeding tests were conducted on white mice 
with eleven resulting in successful transmission of the spirochaetes. Two 
additional experiments on monkeys gave one positive transmission. 
Several of the female ticks began oviposition and experiments are now 
in progress to test the progeny for hereditary transmission of the spi- 
rochaetes. 

The results of our tests with this new species of tick, Ornithodorus 
hermsi, indicate thus far that transmission of the spirochaetes is effected 
by both male and female ticks and in the later nymphal stages (no proof 
is as yet at hand to prove the larval stage infectious). It is also defi- 
nitely proved that the species is infective in nature. No tests have as 
yet been made to demonstrate the ability of known infective ticks to 
infect normal chipmunks and other suspected natural reservoirs of the 
relapsing fever spirochaete. 


INFECTION CONTRACTED IN THE FIELD" 

On June 25, 1932 while working with the crew at Packer Lake (Sierra 
County) the junior author accidentally smeared his fingers with the blood 
of a chickaree squirrel which, with four others, had been shot by him 
just a few minutes before. The blood smear from these squirrels proved 
positive for spirochaetes and subsequent inoculation into normal white 

Legge, Robert J. 1933. Relapsing fever: a new etiological observation with case 
history of a field worker. Calif. and Western Med., vol. XX XVIII, no. 5. May 1933. 
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mice also demonstrated the presence of the organisms in the blood of 
these animals. 

The work having terminated in this location, the crew left for Ber- 
keley arriving the evening of June 30. The next evening Wheeler felt 
chilly and spent the night rolling around on his bed trying to find a 
comfortable position. In the morning his temperature was above nor- 
mal, and later a headache developed accompanied by pains in the back, 
hips, knees, and ankles. That afternoon he experienced a chill and a 
doctor was summoned. That night he had several chills and the fever 
continued. Sunday afternoon, July 3, he was admitted to Alta Bates 
Hospital with a temperature of 102°, chest pains and a severe headache. 
Blood was taken from the lobe of his left ear and smears prepared in 
the hospital laboratory. The slides were examined and the technician 
set up a microscope for the patient and upon examination of the slides 
Wheeler states that he ‘“‘was not surprised, but, if you can imagine it, 
I was rather elated to find two spirochaetes in the first field.” 

The blood showed a leucocyte count of 13,100 with 89 per cent poly- 
morphonuclears. Five cc. of blood were taken from the vein in his left 
arm and white mice were inoculated; the spirochaetes were recovered 
from the blood of these animals a few days later. The remainder of the 
blood was placed under refrigeration at the State Public Health Labo- 
ratory at the University of California. From time to time a portion of 
this clotted blood was inoculated into white mice. The blood was still 
viable for a period of one hundred days. 

On July 4 his temperature had receded from 102° to 97.8° in the 
morning; then began a gradual climb again, interrupted but once when 
it dropped from 99° to normal. From this normal point which occurred 
about 8 P. M., the temperature ascended gradually reaching its height 
at nearly 104° by 4A. M. of July 5 on which date at 9 A. M., 3 per cent 
neoarsphenemine was administered. From that time on until Wheele- 
was discharged from the hospital on July 8, his temperature remained 
more or less normal. Pulse rate varied with the temperature and reached 
its maximum of 120 at the height of the fever. A blood smear was pre- 
pared on July 6 from blood from the lobe of the ear and proved nega- 
tive. Also five cubic centimeters of blood were taken from the arm and 
inoculated into white mice with negative results. 

During the entire course of the disease Wheeler states that he was 
bothered with a cough and severe aching in the chest. Also pain in the 
back particularly between the shoulders annoyed him a great deal. His 
hips, knees, and ankles pained considerably until the neoarsphenemine 
was administered. A gradual cessation of these pains was noticed soon 
after the drug was administered and the pain finally disappeared, ex- 
cept that the pain in back and chest persisted for some time. 

The incubation period of the spirochaetes was seven days, since the 
accidental infection was on June 25 and the first chill was experienced 
on July 1. As Wheeler had scratches on his hand caused by underbrush 
through which he had been hunting, and since he had an open wound 
caused by a burn received a few days previously at Lake Tahoe, the 
organisms in the blood of the squirrels found an easy entrance. 
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THRIPS AS VECTORS OF PLANT DISEASE 
By Stan.ey F. Baitey, University of California 


The study of plant viruses has progressed rapidly in the last ten years 
and, concomitantly, the study of the insect vectors has been necessary 
for the advancement of the work. In surveying the Class Insecta for 
vectors we find guilty members of the orders Orthoptera, Thysanoptera, 
Homoptera, Hemiptera, and Coleoptera, and it is conceivable that most 
any insect could mechanically carry spores of fungi, etc. The aphids 
are outstanding as vectors since 27 plant viruses are known to be trans- 
mitted by some 22 species (Smith and Brooks, 1934). In comparison 
with the aphids we find only two viruses definitely proven to be carried 
by 3 members of the Thysanoptera and four other doubtful cases listed. 
However, it is perhaps premature to say that this group is of minor 
importance since as yet so little is known about them and their role as 
vectors. 

It is the purpose of this paper to review the literature on thrips as 
vectors of plant disease, to point out the habits of some of the more 
common phytophagous species and, disregarding specificity for the mo- 
ment, their potentiality as carriers with their wide distributions and 
host ranges. Some heretofore unrecorded cases of thrips species trans- 
mitting plant diseases in California are mentioned below and some sug- 
gestions for future workers are made. 

The history and development of virus studies together with their 
relation to insect vectors has been reviewed by Smith (1931) and Smith 
and Brooks (1934) and need not be repeated here. Only such papers as 
pertain to thrips are referred to below. 

In 1915 Crawford was the author of an article entitled ‘“‘Potato Curly 
Leaf (caused by Euthrips occidentalis),’’ in which he stated that in 
the San Gabriel region of southern California the young leaves when, 
attacked by thrips, curled and that the older leaves showed spotting 
only. However, no inference was made by this author that the plants 
were diseased. Whetzel (1923) suspected ‘“‘thrips’’ to be carriers of a 
mosaic of Eucharis lilies in Bermuda, and Schultz and Folsom (1925) 
thought that “thrips” were concerned in the transmission of potato 
mosaic. Puttemans in 1926 (see also Costa Lima, 1926) held that Thrips 
minuta var. puttemansi Costa Lima transmitted sugar-cane mosaic. Pitt- 
man (1927), as well as Dickson (1929), described the first successful 
transmission of spotted wilt with Thrips tabaci Lind. Also in 1927, 
Schaffnit cited a somewhat doubtful instance of spinach mosaic being 
carried by the onion thrips, 7. tabaci. Borning (1927) believed bean 
mosaic to be transmitted by Thrips flavus Schrank. From Bermuda, 
Ogilvie (1928) reported Thrips spp. present on Hippeastrum affected 
with a mosaic disease and noted Frankliniella insularis (Franklin) to 
be a very common pest of lilies affected with yellow flat disease. In 1929 
Uppal indicated that Capsicum mosaic was carried by 7hrips sp. 

The work of Samuel and Bald appeared in 1930 which showed F. in- 
sularis to be a vector of spotted tomato wilt. Jarrett (1930) obtained 
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negative results in attempting to prove 7. tabaci a vector of tomato 
virus. The papers of Linford were published in 1931 and 1932 (see also 
Illingworth, 1931) showing conclusively that the yellow-spot disease of 
pineapple in Hawaii and possibly a “‘streak’”’ of peas, to be transmitted 
by 7. tabact. K. M. Smith (1931) stated that a “ringspot”’ virus, later 
identified (Smith, 1932) with tomato spotted wilt, was found to be 
transmitted by the onion thrips. Hodson (1932) considered 7. tabaci 
not to be a vector of yellow stripe of narcissus and Koch (1934) ob- 
tained negative results in attempts to transmit potato yellow dwarf 
with 7. tabaci. The disease of tobacco carried by T. tabaci in South 
Africa as reported by Moore (1932-33), might be the same virus as that 
causing tomato spotted wilt. 

Gardner and Whipple (1934), working in California, stated that to- 
mato spotted wilt has been successfully transmitted by thrips (proba- 
bly T. tabaci and Frankliniella moultoni Hood) between tomato, pepper, 
and Datura, from tomato to petunia, from Datura to aster, and from 
Cineraria and Calceolaria to tomato. Also, Gardner, Tompkins, and 
Whipple (1935) report the same “‘virus has been transmitted with 7. 
tabaci from Emilia to Emilia and tomato and from calla to tomato and 
with Frankliniella species (moultont)' from Datura to poppy and from 
tomato to tobacco.”’ 

At the conclusion of this review? it should be again mentioned that 
only 3 species of thrips (see Table 1) have been de‘ nitely shown to 
carry two viruses, spotted wilt and pineapple yellowspot; all other 
reports cited lack experimental evidence. 

As is well known, the order Thysanoptera is divided into two sub- 
orders, the Terebrantia and the Tubulifera, in both of which are found 
phytophagous species of economic importance as well as predators. With 
the exception of the important economic forms, the life history of the 
majority of species is unknown. In the case of the plant-feeding mem- 
bers of the first group the life history is briefly as follows: The eggs are 
inserted in the more tender plant tissues; the larvae after hatching feed 
on the same plant until mature and then, in many species, drop to the 
ground to pupate. After completing the short transforming period com- 
posed of prepupal and pupal stages, in the top soil, the adult emerges 
and by hopping and irregular flights reaches the hosts to complete the 
life cycle. There are many overlapping generations a season (the pear 
thrips excepted). In the Tubulifera the following differences usually 
obtain—the eggs are deposited loosely on the surface of the leaves, bark, 
etc., the larvae develop more slowly, pupation very frequently occurs 
on the host, and the number of generations is fewer. The adults of the 
Terebrantia are usually very active and are found on many plants quite 
often however, exhibiting some preference. In direct contrast the adult 
Tubulifera are often larger in size, move about more slowly, migrate 
but little and have a much narrower host range. 

With these general facts in mind, let us refer to the above review of 


‘Determination by the author. 
*A. Hartzell, Contribution Boyce Thompson Instit. 7:183-207, 1935, has obtained 
negative results with T. tabaci and H. femoralis in a study of peach yellows. 
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the literature pertaining to thrips as vectors of plant viruses. We find 
only two genera, Jhrips and Frankliniella, from the family Thripidae 
of the sub-order Terebrantia represented. It is in this family, which also 
includes the very large genus 7 aeniothrips, that are found the majority 
of the species of economic importance. Also these same genera as far 
as we know at present, probably have the widest distribution and great- 
est host range of any in the entire order. The following table lists the 
known facts concerning the life history of the species proven to be car- 
riers of plant virus. 


TasLe 1.* Summary or Lire History Data or Turips Vectors or PLANT Virus. 


Av.length Av.length Av. length Av. longevity 
Av. length larval stage prepupal and of total of adult 
Species cag stage (2instars) pupal stages life cycle female 
Jays Days Days Days Days 


Frankliniella insularis (Franklin) . 9.0 10.5 10.5 27.0 70.0 


Frankliniella moultoni Hood ( =cali- 
fornicus Moulton) 7 5.0 10.5 6.0 25.5 21.0 
Thrips tabaci Lind , em 4.56 4.83 3.84 16.30 18.33 
*Data in the tables presented in this paper have been compiled from many sources and can not be 
considered too closely comparable because of variations in climatic conditions under which the workers 
obtained their results. However, where possible, the figures presented represent the development of the 
thrips at 25°C. or under summer conditions. 


It is most interesting to compare the life histories of the thrips vectors 
with those thrips not as yet studied in this respect and which it is diffi- 
cult to believe do not carry viruses. The species listed in Table 2 are 
very common, many have a wide distribution, and have long host lists 
which include some of the plants known to contain thrips-transmissible 
viruses, as cineraria and tobacco. 


Taste 2. Summary or Lire History Data or Some Common Turips or Economic IMPORTANCE 
Wuaricn Have Not Been INVESTIGATED IN Respect To THerr Disease CARRYING CAPACITY 
Av. length Av.length Av. length Av. longevity 
Av. length larval stage prepupal and of total of adult 
Species egg stage (2instars) pupal stages life cycle female 
Days Days Days Days Days 
3.0 3.0 15.0 (est.) 9. + 
15.01 21.42 
18.50 29.08 
11.66 25.0 (est.) 
0 25.0 30.0 
0 30.0 30.0 
0 25.0 21.0 
29.8 30.0 


Thrips imaginis Bagnall ‘ 3.0 
Frankliniella tritici (Pitch) . 3.32 4.40 3.42 
F. fusca (Hinds) , 6.32 5.85 1 
Taeniothrips simplex Morrison 3.30 4.51 3.8: 
Heliothrips haemorrhoidalis Bouche. 8.0 10.0 3. 
Heliothrips rubrocinctus Giard 12.0 10.0 

Hercothrips fasciatus (Perg.) : 7.0 10.0 ! 
Scirtothrips citri (Moulton) 16.0 7.8 5 

Table 3 presents the known facts relative to the manner in which the 
viruses are transmitted from plant to plant. 

Attention should be called to the right hand column in Table 3. Here 
it is noted that all the viruses transmitted (or thought to be) by thrips 
are sap-transmissible and, as Smith (1934) points out, artificial inocu- 
lation of spotted wilt “‘is best obtained by a slight rubbing movement 
rather than an injection—conditions which the thrips, by their method 
of feeding, fulfill more closely than any of the Hemiptera” or Homop- 
tera. It should perhaps be here noted also that Rawlins and Tompkins 
(1934) have found that carborundum powder has increased the per- 
centage of artificial infections. 

At this point it might be well to briefly describe the manner in which 
thrips feed. Borden, Cary, Garman, Peterson, and others have con- 
cluded that the functioning mouthparts include an unpaired mandible, 
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and a pair of needle-like maxillae. Wardle and Simpson state that the 
former may be extruded 11 mu and the latter 27 mu in T. tabaci. In 
feeding, the head exhibits a sort of rooting motion, the mandible scrapes 
and pierces, and the maxillae further penetrate the surface lesion. Once 
the sap begins to flow from the wound it appears that the mouthparts 
are retracted, the mouthcone appressed over the lesion, and as a result 
of a partial vacuum created in the pharynx, the fluids are drawn in. 


TABLE 3. SUMMARY OF KNowN Facts CONCERNING THRIPS PROVEN OR THOUGHT TO BE CARRIERS 
OF PLANT VIRUSBS 


Stage 
of life 
cycle 


Species Virus transmitted 


picked up 


Tomato spotted wilt 

A streak of pea 

Pineapple yellow 
spot 


T. tabacé Larva 


Larva 


Length of time 
of incubation 
of virus in in- 
sect 
About 5 days 


Stage of 
life cycie 
transmitted 


Adult 


Adult and 


Period of 
inoculation 
of adult 


Not known 
Not known 


30 dayst 


Virus sap— 
transmis- 
sible 


Yes—easily 


Yes—with 
difficulty 


10 days larva 
Spinach mosaic - - Not known - 


T. flavus Bean mosaic Not knc Not know: Not known Notknown Yes 


T. minuia var. 
puttemansi Sugar cane mosiac 
F.insularis Tomato spotted wilt 


Yes 


Yes 


Not known Not known 
Adultand 22 days (24 
larva days in- 
cluding 
pupal stage) 


Not known 


5-7 days 


Not kno 


Larva 


Adult and 


larva 


About 10 days 
including 
pupal period) 


*F. moultoni Tomato spotted wilt Larva 


30 days Yes 


Thrips sp. Capsicum mosaic Yes 

Adult un- 
doubted- 
ly also 


Frankliniella Kromnek disease of 
sp. tobacco and to- 
mato 


— Yes 


Larva 


blished notes 


*Data supplied by O. C. Whipple from unpu 
tData supplied by Walter Carter from unpublished notes. 


The pharynx then contracts and forces the food into the esophagus. As 
far as is known, there is no distinct salivary tube comparable to the 
leafhoppers even though functional salivary glands are present, the prod- 
ucts of which tend to lubricate the trophi (Cary) and which are not 
toxic (Wardle and Simpson) to the host. The greater portion of these 
anatomical studies have been made on the adult and in view of the fact 
that the viruses seem to be picked up in the larval stage only, it would 
appear that a careful morphological comparison of the nymphal and 
mature stages would lead to some explanation of the enigma (Sakimura 
and Carter, 1934). Also, it should be pointed out that the larvae remain 
on the same plant throughout their development and feed more or less 
continuously in a gregarious manner while the adults normally move 
about considerably, and thus would be of greater importance in dis- 
seminating disease than would the larvae. 

Bald and Samuel have shown that spotted wilt of tomatoes is picked 
up only in the larval stage of F. insularis. Linford, and Smith, inde- 
pendently, have proved that the same condition obtains in 7. tabaci in 
acquiring pineapple yellow spot and spotted wilt. The incubation pe- 
riod of spotted wilt virus in immature thrips is about 10 days and the 
adults commonly live as long as 20 days. The imago and, occasionally, 
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the larva transmit the disease and this ability is retained for about 30 
days in adult life. It is at least interesting to remember that the virus 
of spotted wilt is very short-lived in extracted juice, only 4—6 hours 
(Smith, 1934). As far as is known, the virus causing spotted wilt is not 
transmitted through the egg stage in the thrips species serving as vectors 
(Samuel, Bald, and Pittman, 1930). 

In the leafhoppers and aphids, so-called specificity among vectors of 
plant viruses is clearly portrayed by Futettix tenellus and curly top, 
Aphis maidis and sugar cane mosaic, and other examples. Except in 
the case of 7. tabact which Smith (1932) stated showed selectivity for the 
spotted wilt virus, nothing is known of thrips’ capacity to exert any 
selectivity or to exhibit specificity in the transmission of infective prin- 
ciples of disease of which they are vectors. 

In addition to being vectors of plant viruses, thrips carry (probably 
altogether mechanically), the spores of fungi, bacteria, and various 
cryptogams. The first reference to this effect seems to be that of Howard 
(1923) who wrote that an undescribed species of Pestalozzia causes a 
disease on raw camphor and that the spores are disseminated by Crypto- 
thrips floridensts Watson. Pussard-Radulesco (1930) cited, without giv- 
ing full references, several rather indefinite cases of thrips acting as 
transmitters of disease, particularly Bacillus diantht on carnations and 
Alternaria on tobacco. In 1932 Buchanan reported a bacterial disease 
of beans (at that time undetermined) associated with feeding injury by 
Hercothrips femoralis (Reuter). Indications are that transmission is me- 
chanical. Caldis (1927) inferred that thrips larvae were concerned in 
fig endosepsis and Hansen, Davey, Smith (1929, 1931, 1932, and 1933) 
showed that the following species of thrips in California are instrumental 
in carrying fermenting organisms into figs: Thrips tabaci Lind., Frank- 
liniella sp., probably californicus Moulton, F. tritici (Fitch), T. brem- 
nert Moulton, Liothrips tlex (Moulton), Heliothrips fasciatus Perg., and 
Leptothrips mali (Fitch). It is now known that two of the above species 
were incorrectly determined and one additional species should be in- 
cluded. The corrected list of species involved is as follows: Thrips tabaci 
Lind., Frankliniella tritict (Fitch),? F. moultont Hood (= caltfornicus 
Moulton), F. occidentalis (Perg.), Hercothrips fasciatus (Perg.), and Lepto- 
thrips mali (Fitch). Hansen and Davey (1932) listed the cryptogamic 
flora found on the thrips (and mites) cultured from green and ripe figs 
in order of their frequency—‘‘ Miscellaneous fungi bacteria, Hormoden- 
drum spp., Aspergillus spp., Penicillium spp., Alternaria spp., Rhizopus 
spp., Acrostalagmus sp., and a few yeasts.”’ 

Thomas and Ark (1934) stated that thrips among other insects carry 
the fire blight organism of pears. One collection made in these studies 
in Lake County was sent to the author for determination by C. E. Scott 
and L. C. Barnard and adults and larvae of F. moultoni, and larvae of 
Taentothrips incon: eque’s (Uzel) were found to be present. In a letter 
written April 25, 1934, by Mr. Scott to Mr. L. C. Barnard, County 
Agent of Lake County, the following information is found. “Blight 


$Mr. Dudley Moulton maintains that this species does not occur west of the Rocky 
Mts. See Pan-Pacif. Ent., 5:125, 1929 
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bacteria were found on thrips in each of six collections and there was 
no significant difference between lots from severely blighted and slightly 
blighted orchards. From 45 to 75 per cent of the 6 to 22 thrips cultured 
from each lot were contaminated with B. amylovorus. Similar results 
were obtained by Dr. Ark from a collection in Sacramento County in 
1932. To date there is no incriminating evidence beyond this finding 
of the organism on the insects.’’ These two citations are indicative of 
the work to be done in this direction before it is possible to conclude 
whether or not thrips, which are doubtless among the most abundant 
insects on pears in the spring, are of any importance in the dissemi- 
nation of this organism. 

When making a winter study of the onion thrips at Davis (Bailey, 
1933), the author frequently noted spores of black mold, Aspergillus 
niger, on the exterior of both adults and larvae found beneath the scales 
of infected bulbs. If the bulbs became badly infected with black mold, 
the thrips appeared to leave them. Also, it was observed that those 
bulbs having very tight scales suffered the least from both thrips and 
black mold infection. 

Table 4 lists the known facts concerning thrips as carriers of plant 
diseases other than viruses. 


Tasie 4. SumMaARY oF Lire History Data or Turips INpicTeD AS CARRIERS OF PLANT DISEASE. 


Av. Av. length Av. length Av. length Av. longev- Disease or 
length larval stage prepupal of total ity ofadult organism 

Species egg stage (2 instars) and pupal life cycle female carried 

Days Days stages Days Days 
Days 

Hercothrips femoralis (Reuter) 13.0 12.0 6.0 35.0 40.0 Bacterial 

(est.) disease of 
beans 


Taeniothrips inconsequens 8. 4-5 weeks 1 year 4 weeks Pear blight, 
(Uzel) j in soil) Bacillus 
mo. in soil) am ylovo- 
rus 


Cryptothrips floridensis Watson : 8.6 3.89 21.69 98.0 Pestalossia 
sp. 
Frankliniella occidentalis (Perg.) ife history details not known Fig decay- 


Leptothrips mali (Pitch) ing or 
ganisms 


In summarizing, several outstanding points pertaining to thrips as 
actual or potential vectors of plant disease should be emphasized. First, 
so little is known as yet concerning this group of insects in its relation 
to the transmission of plant disease that no conclusions are possible. 
However, the indications are that in the cases of proven transmission 
f viruses there is some biological relation between the virus and its 
vector. The transmission of other diseases is doubtless purely mechan- 
ical. It would seem that a more careful anatomical study and compari- 
son should be made of the larval and adult stages of the vectors in order 
to explain the mechanics (and /or physiology) of the transmission. Later 
studies will no doubt also clear up such questions as whether or not the 
feces contain material capable of infecting the plant, the length of time 
the adults remain infective (particularly overwintering forms), and the 
climatic limitations and associations of a disease and its vector. It is 





862 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


difficult to make any suggestions as to procedure or method of attack 
of these problems since the necessary technique has to be worked out 
to fit each particular case. Since there are so many common species of 
thrips with life histories and host ranges comparable to those proven 
to be vectors, and with the possibility of their picking up viruses from 
plant ‘‘carriers,”’ it seems quite probable that in the future many more 
species, of the Terebrantia particularly, will be shown to be vectors. 
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THE CODLING MOTH IN PERSIAN WALNUTS' 


By A. M. Boyce, University of California Citrus Experiment Station, Riverside, 
California 


The Persian or English walnut is one of the leading subtropical crops 
in California, with commercial plantings in bearing (1934) totaling ap- 
proximately 140,000 acres and producing about 98 per cent of the do- 
mestic tonnage in the United States. There are approximately 24,000 
acres of Persian walnuts in Oregon and smaller commercial plantings 
in several other states. The codling moth, Carpocapsa pomonella (Linn. ) 
is the major insect pest of walnuts in California. 

HistoricaL.—According to Essig (4)* the codling moth was intro- 
duced into California about 1873 and spread fairly rapidly throughout 
the state wherever apples and pears were grown. The insect was first 
recorded attacking walnuts at Concord, Contra Costa County in 1909 
by S. W. Foster (5). At that time the infestation was general in the 
area; however, it was light except on trees near packing sheds or ad- 
jacent to heavily infested pear orchards. On individual trees in such 
locations, from 5 to 50 per cent of the nuts were infested. The degree of 
infestation was of negligible economic importance in this area until 1931 

Infestations in walnuts were first noted in the southern portion of 
the state in the Santa Barbara and Santa Ana areas in 1913, and by 
1918 they had reached serious proportions. A large portion of the wal- 
nut acreage in the coastal and subcoastal areas in the south was more 
or less seriously infested by 1925, and a few infested nuts could be gen- 
erally found in many of the warm, arid interior valley sections in both 
the northern and southern portions of the state. However, in 1931, 
which may be classed as an epidemic year for codling moth in walnuts, 
the situation in these interior areas changed materially. Since then 
several thousands of acres of walnuts in certain of these areas have been 
treated to control codling moth, and the infestations appear to be in- 
creasing in importance in other similar areas. 

The codling moth was first recorded infesting walnuts in Oregon in 
1919, although to date, according to Mote and Schuster, the degree of 
infestation has not become of economic importance. Light infestations 
have been reported by Eyer in New Mexico, Worthley in Pennsylvania, 
and Gambrell in New York.* 

The first record of codling moth infesting walnuts abroad was in 
France in 1859. At that time the insect was considered to be Carpo- 
capsa putaminana Staud. but was later diagnosed as a variety of C. 
pomonella (Linn.) and still later as C. pomonella (Linn.). 

In South Africa the first infestation of codling moth in walnuts was 
noted in 1908, and by 1914 as much as 50 to 60 per cent of the walnut 

‘Paper No. 326, University of California Citrus Experiment Station and Graduat« 
School of Tropical Agriculture, Riverside, California. 

*Italic numbers in parentheses refer to Literature Cited. 

‘Information obtained from personal correspondence with D. C. Mote, 1934; 
C. E. Schuster, 1935; J. R. Eyer, 1935; H. N. Worthley, 1934; and F. L. Gambrell, 
1935. 
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crop in parts of the Oudtshoorn district in the Cape Province was in- 
fested. 

The history of the codling moth attacking walnut in California in- 
dicates that the insect on walnut may be physiologically or otherwise 
different from the form attacking pome fruits. Regarding this matter 
Quayle (6) stated in 1926, “There is nothing in the foregoing experi- 
ments to indicate that the codling moth which infests walnuts is a differ- 
ent species or variety from that which infests the apple, altho some 
special adaptation to the walnut may be necessary. Critical examina- 
tion of the morphology of the different stages also indicated no specific 
or varietal differences. Under field conditions, however, the behavior 
of the insect seems to be somewhat different from that indicated in our 
control experiments.”’ It is of particular interest that in the Stockton 
section of the lower San Joaquin Valley in the north and in the Chino- 
Riverside sections in the south, apples and pears have been very heavily 
infested with codling moth since about 1880, while in walnuts in the 
same areas the degree of infestation was very light and of- negligible 
importance until 1931. These specific instances and others of similar 
nature suggest that perhaps a form of the insect has evolved that is 
better adapted to utilize walnut as a host than the original form on 
apple and pear. 

NATURE AND DEGREE oF INjURY.—AIl varieties of Persian walnuts 
are attacked. Seedling, Placentia, Chase, and Payne are most suscepti- 
ble, while Eureka and Franquette appear to be somewhat less sus- 
ceptible. The nature of this varietal susceptibility is not completely 
understood. 

The most important type of injury results from destruction of the 
walnut kernel by the larvae. Even though only a portion of the kernel 
may be consumed, the remainder is practically worthless. Infested wal- 
nuts increase packing costs, since they must be sorted out by hand 
labor. 

Many of the walnuts infested early in the season, especially those 
in which the larvae entered through the calyx, drop before reaching 
maturity. This usually represents a direct loss, since the normal walnut 
tree is capable of producing a large crop of average sized nuts. 

The rate of build up in infestations is relatively slow, and untreated 
walnuts do not become as heavily infested as untreated apples in the 
same area. In walnuts, infestations of 25 per cent are not uncommon 
in untreated groves in certain areas. However, infestations as high as 
oO to 75 per cent are very rare. 

BioLoGicaL.—In most of the infested areas the moths of the spring 
brood usually begin to emerge about mid-April and continue through 
June. There are several peaks of emergence, but the main peak gen- 
erally occurs during the latter part of May. The first eggs of the season 
are commonly deposited on the green twigs and leaves. The ‘dense pu- 
bescence on the surface of very young walnuts apparently deters the 
females from placing eggs on these small nuts. However, later in the sea- 
son, when the nuts have increased in size and the pubescence is not so 
dense, most of the eggs are deposited on them. The earlier larvae of 
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the season usually enter through the calyx, causing most of the nuts 
so infested to drop before they reach maturity. Generally the largest 
portion of the brood of larvae hatches after the nuts have attained such 
size that those nuts in clusters are in contact with one another. Under 
these conditions the larvae most commonly enter the husk where two 
nuts are in contact. When the shell becomes hard, later in the season, 
and larvae cannot penetrate it directly, they gain entry to the kernel 
through the fibrous tissue at the stem end. The larvae mature in ap- 
proximately 35 to 45 days. There may be a complete second generation, 
and under very favorable conditions a partial third one, depending up- 
on spring and summer temperatures and time of maturity of the nuts. 

Other details of the biology of this insect are essentially the same 
as when it occurs on pome fruits. 

Host Resistance.—Under apparently optimum conditions in the 
laboratory, where hundreds of eggs in the ‘“‘black head”’ stage on waxed 
paper were placed on untreated walnuts (1 egg per walnut) only about 
50 per cent of the larvae gained entry. Under conditions of total day- 
light and normal outdoor prevailing temperature and relative humidity, 
only about 25 per cent of the larvae entered. On apples under similar 
conditions, over 80 per cent of the larvae entered the fruit. These facts 
indicate the inherent resistance of the walnut as a host. 

The behavior of the newly hatched larva on walnut is very different 
from its behavior on apple. A period of from 2 to 7 or more days usually 
elapses after the larvae are hatched before they have burrowed com- 
pletely through the green husk tissue and penetrated to the inside of 
the walnut. On apple this period is much shorter, varying from about 
30 minutes to 24 hours. 

Regarding this matter Smith (7) says, ‘““The most striking behavior 
noted during the period from May 24th to about July Ist (1928) was 
the tendency of the larvae to loaf about, as it were, after hatching in- 
stead of directly burrowing into the nuts. Typically, the newly hatched 
larva makes its way to the point of contact between two nuts where 
it may remain sometimes for two or three days with no distinct evi- 
dence of its having eaten. In such cases it seems likely that the larva 
feeds very superficially on the surface of the nut, taking a few bits here 
and there. It wanders out on the exposed parts of the nut and possibly 
some feeding is done during these wanderings. In a large percentage 
of cases the larvae first eat or dig out shallow grooves by the use of 
their jaws. Very commonly several days elapse before they make a 
burrow into the husk. In several instances larvae thought to be a week 
or more old and in the second instar of development, judging by size, 
were found only to have made grooves at the point of contact between 
nuts. Even after the larva makes a burrow into the husk it feeds slowly 
and seemingly indifferently. This behavior is in marked contrast to the 
codling moth larva on apples. Associated with this indifference is the be- 
havior of the larva in leaving its burrow either to remain for hours near 
the opening where it is more or less secluded between the nuts or to 
wander a quarter or half inch or more away from the opening of the 
burrow.” 
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Smith’s observations (7) showed that on one particular day 59 per 
cent of the larvae were outside their burrows in the early forenoon, 2: 
per cent in the early afternoon, and 50 per cent in the late afternoon. 
Observations by the author indicate that the time of day and extent 
to which larvae vacate their burrows is somewhat dependent upon the 
prevailing relative humidity. In the more arid interior valley sections 
it appears that a large percentage of the larvae leave their burrows in 
the late afternoon and early evening when the relative humidity in- 
creases, to remain on the surface of the nut until the following forenoon 
when the relative humidity decreases. This behavior indicates that 
possibly certain constituents of the green husk diffuse through the cell 
walls or otherwise become incorporated in the condensed moisture with- 
in the burrows when the relative humidity is high. This condition may 
irritate or in some other manner cause the larvae to vacate their bur- 
rows. Since the green walnut husk is fairly high in tannin, perhaps it 
is this material that causes the aversion of the larvae. However, the 
mere fact that the burrows frequently become filled with condensed 
moisture may cause the larvae to vacate 

ConTROL.—Quayle (6) first studied the problem of codling-moth con- 
trol on walnuts during 1919-21, and recommendations based on his 
findings are essentially unchanged after 15 years of extensive appli- 
cation. He found that one spray application of basic lead arsenate at 
the rate of 4 or 5 pounds per 100 gallons of water gave satisfactory con- 
trol and was decidedly more effective than an equivalent amount of 
basic lead arsenate per tree applied in the form of dust with a suitable 
diluent. Acid or standard lead arsenate caused serious foliage injury, 
which fact precluded its use on walnuts 

After 1931, the epidemic year of codling moth on walnut, the Uni- 
versity of California undertook further studies of its control. A com- 
plete report covering this work will be prepared for bulletin publication. 

The behavior of newly hatched larvae, previously discussed, greatly 
simplifies control. Many larvae that are several days old when the 
basic lead arsenate is applied are subsequently killed apparently by 
consuming quantities of it when they vacate their burrows and wander 
over the surfaces of the walnuts. A sting or small burrow in the husk 
is of no economic importance. 

Because of the habits of the larvae, a relatively slow-acting material 
such as basic lead arsenate may be very effective in preventing actual 
economic injury. Furthermore, as has been suggested by C. O. Persing, 
the tannin in the husk tissue, when consumed by the larvae, may act 
as an astringent. The lead arsenate would thus become more effective 
than under normal conditions. Persing’s laboratory data‘ show that 
acid lead arsenate is approximately 6 times as effective as basic lead 
arsenate in causing mortality of the very small larvae on walnuts. Camp- 
bell and Filmer (3), working with fourth-instar silkworm larvae, have 
shown that the median lethal dose of acid lead arsenate is 1/10 that 
of basic lead arsenate. 

‘Persing, C. O. 1934. Unpublished data on file at the Citrus Experiment Station, 
Riverside, California. 
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Another factor that greatly facilitates control is the general absence 
of rains to wash off the lead arsenate. The nature of growth of walnuts 
is also important because it enables relatively high deposits of the toxic 
material to be built up around the points of contact of walnuts in clus- 
ters. Such points of contact are the usual places of entry of the larger 
proportion of the larvae. 

Fortunately there is no residue problem on walnuts, a fact which 
has stimulated experimental work toward increasing the arsenical de- 
posit to the maximum. In this connection studies are being made in- 
volving the use of such materials as casein, blood albumin, saponin, 
sulfated alcohols, soaps, fish oils, vegetable oils of several kinds, and 
straight, highly refined petroleum oils. Studies are also in progress re- 
lating to these petroleum oils that contain such materials as triethan- 
olamine oleate and others to cause the lead arsenate to become wetted 
by the oil and be deposited in the oil phase of the spray mixture. The 
spray is usually applied when the walnuts are about one-half to three- 
fourths their full size. They grow very rapidly early in the season and 
reach full size within about four weeks after treatment, which indicates 
how rapidly and extensively the arsenical deposit is thinned out. A 
typical illustration from certain of our data follows: The surface area 
of the average sized walnut at the time of treatment was 5.71 square 
inches, and approximately 40 micrograms of As2O; per square inch of 
surface area were deposited; the surface area of the average sized wal- 
nut when mature was 7.28 square inches, and there was a deposit of 
approximately 9 micrograms of As2O; per square inch just prior to har- 
vest or 10 weeks after application. 

Under ordinary conditions, one thorough, properly timed spray ap- 
plication usually affords satisfactory protection throughout the entire 
season. This is in striking contrast to the problem of control on apples 
where acid lead arsenate is used and several applications are required. 
However in this connection it should be pointed out that the second 
and partial third generations are not as important on walnuts as on 
late-maturing apples. 

Under such favorable conditions as high temperatures during spring 
and summer and late maturity of the walnuts, the problem becomes 
more complex. This is because an important number of walnuts when 
harvested are inhabited by very small larvae. These late-infested wal- 
nuts can be graded out only with great difficulty in regular packing- 
house operations. Under extreme conditions that rarely occur, it may 
be profitable to apply a second treatment. However, it has not been 
economically practicable to apply a second spray in any season during 
this study (2). The present aim is to find an adjuvant that will deposit 
and maintain a sufficiently high amount of the arsenical in the early 
treatment to afford better protection against this late-season infestation. 
In this regard, the following method’ offers some promise: The lead 
arsenate is wetted with specially treated oils to make possible the ap- 
plication of the arsenical to the tree in the oil phase of the spray mixture. 
A minimum amount of run off in the water phase thus results. 


*Persing, C. O. 1934. Unpublished data on file at the Citrus Experiment Station, 
Riverside, California. 
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Several of the fluorine compounds applied as sprays and dusts with 
various adhesive agents have been extensively compared with basic 
lead arsenate to determine their merits in control. The results from a 
typical experiment,® in which each plot was one acre in size and plots 
of each material were replicated five times in the same grove, will be 
presented. Each toxic material was used at the rate of 4 pounds plus 
2, quart of highly refined light-medium grade mineral oil, plus % pint 
liquid blood albumin per 100 gallons of water. The infestation in the 
grove the year preceding the experiment amounted to 52 per cent of 
the total crop, and the size of the crop then was approximately equal 
to that existing during the experiment. One thorough, properly timed 
spray application was made. The average percentage of infested wal- 
nuts after the use of each material was: Dutox (barium fluosilicate 80 
per cent) 17 per cent, natural cryolite 13 per cent, synthetic cryolite 
9 per cent, and basic lead arsenate 6 per cent. These and other data 
show that neither of the fluorine compounds tested was as effective as 
basic lead arsenate in the control of codling moth on walnut. The defi- 
nite explanation of this fact is lacking. 

The effectiveness of basic lead arsenate applied in the form of dust 
in comparison to its effectiveness as a spray has been extensively studied. 
Various concentrations of the arsenical in the dust mixture and several 
kinds of diluents and adhesives have been used. A typical experiment’ 
indicating the comparative effectiveness of the dust and spray method 
will be presented. The average percentage of infestation after treat- 
ment with a 30 per cent lead arsenate-hydrated lime dust where ap- 
proximately 2 pounds of the arsenical per tree was applied was 9 per 
cent. Where lead arsenate was applied as spray at approximately 2 
pounds per tree, the infestation was 3 per cent. Where lead arsenate 
undiluted was applied as dust at 2 pounds per tree, the infestation was 
7 per cent; and where lead arsenate undiluted was applied as dust at 4 
pounds per tree, the infestation was 6 per cent. These and other data 
show that the dust method of application cannot be relied upon for 
effective codling-moth control in most of the infested areas. However, 
in certain areas where the infestation is apparently less severe, dusting 
is generally employed and affords satisfactory results. 

Where dusting is practiced, nicotine sulfate at a concentration of 2 
per cent is usually included for the control of the walnut aphid, Chro- 
maphis juglandicola Kalt. The nicotine kills a number of adult codling 
moths and also some of the newly hatched larvae. Where spraying is 
employed, nicotine sulfate at the rate of 14 pint per 100 gallons of spray 
mixture is included if the walnut aphid is abundant enough to warrant 
treatment. In these instances the nicotine likewise kills an appreciable 
number of moths and young larvae. 

Nicotine tannate, nicotine-bentonite, nicotine-mineral oil, rotenone, 
ground derris, pyrethrum extract, and ground pyrethrum have been 
used with unsatisfactory results. 


‘This experiment was conducted in coéperation with O. L. Braucher, Field In- 
vestigator, California Walnut Growers’ Association. 

’This experiment was conducted in codéperation with O. L. Braucher, Field In- 
vestigator, California Walnut Growers’ Association. 
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Acid lead arsenate alone and in combination with safening materials 
such as hydrated lime, iron sulfate, zinc sulfate, and aluminum sulfate, 
has been used and has caused severe foliage injury. Zinc arsenate, sev- 
eral brands of so-called stabilized calcium arsenate, and manganese 
arsenate have caused severe injury to both foliage and nuts. 

While our data are at present incomplete with regard to the desir- 
ability of incorporating a spreading and wetting agent in the regularly 
used basic lead arsenate spray, the available evidence indicates that 
the conventional calcium caseinate spreader used at approximately '% 
pound per 100 gallons of spray mixture is advantageous. The wetting 
and spreading properties of the spray liquid are increased sufficiently 
to facilitate a uniform and heavy deposit of lead arsenate between the 
walnuts where they are in contact and also around this immediate area. 
Furthermore, when spraying, the foliage and walnuts are wetted faster 
and there is possibly a slight saving of material. 


Fic. 124.—Spray tower with mast lowered and one pair of wheels elevated to the 
rear for mobility on the highway. The overall height is 13 feet 


The timing of treatment is important, though evidently not so much 
so as for control on pome fruits. Fermenting baits are regularly used 
as an index to moth activity. Present information indicates that the 
treatment should be applied when the first major peak of egg depo- 
sition occurs, provided that the walnuts are fairly uniform in size and 
that those walnuts in clusters are large enough to make contact with 
one another. These features do not always coincide. Optimum timing 
to obtain maximum results from one treatment is difficult when the 
walnuts do not bloom and set uniformly, which is commonly the case 
after warm winters and subsequent prolonged dormancy. Under extreme 
conditions of this nature two treatments to afford protection against 
the first brood of larvae would probably be advisable, especially if the 
percentage of infested nuts amounted to approximately 8 to 10 per cent 
or more of a normal crop the preceding year. 
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The advent of tower spraying has been one of the most important 
recent developments in codling-moth control (7). Mature walnut trees 
are from 40 to 60 feet high and are rather flat on top. Therefore ade- 
quate and economical coverage from the ground is difficult to obtain. 


Fic. 125.—Tower designed for walnut spraying. The platform on which the 
spraymen are working is 30 feet above the ground. The rear wheels are 12 


feet apart 


Several types of experimental towers were constructed, and after the 
soundness and practicability of the principle was established, the Agri- 
cultural Engineering Division of the University of California designed a 
tower that had proved very satisfactory (Figs. 124 and 125). This partic- 
ular tower is essentially a wooden mast that may be readily elevated 
and lowered. It is mounted on a chassis and trails the spray equipment. 
These towers are manufactured by several companies and retail for 
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$150. More recently other types of walnut spray towers have been con- 
structed, and one in particular, known as a “‘hydraulic tower’’ is of in- 
teresting design. This tower is mounted on the spray rig in such a lo- 
cation as to utilize the weight of the spray equipment for maximum 
safety against tipping over. It is essentially a steel mast in several tele- 
scoping sections and is extended upward by hydraulic pressure supplied 
by the spray pump. This tower may be used also for spraying smaller 
trees such as citrus and deciduous fruit trees, since it can be elevated 
to any desired height between 10 and 30 feet. 

On walnut spray towers, the spray operator's platform or “‘crow’s 
nest”’ is 30 feet above the ground. This is high enough for most plant- 
ings, but the construction of a few 45-foot towers is contemplated for 
unusually large trees in several areas. In practice the spray equipment 
travels in the center between two rows of trees, one-half of each tree 
being sprayed in passing. Two spraymen operate from the tower and 
each covers the upper two-thirds of a tree, while one sprayman, operat- 
ing on the ground, covers the lower one-third of each of the two trees. 
A pressure of from 500 to 600 pounds is maintained and a special type 
of lightweight spray gun equipped with a 9/64-inch opening at the dis- 
charge is almost universally used. The spray gun may be quickly and 
easily regulated to discharge either a driving solid stream or a fan- 
shaped mist. Service tanks or so-called ‘‘nurse rigs’’ deliver the spray 
mixture to the spraying unit which operates continuously. Practically 
all equipment is motorized. Under favorable conditions one spraying 
unit applies from 16,000 to 18,000 gallons per day. The average sized 
mature tree receives approximately 50 gallons of the spray mixture. 

The total average cost (present prices) for materials and application 
of one spray treatment on mature walnut trees for codling-moth con- 
trol is approximately $9.00 per acre or $0.53 per tree. 

As a supplement to spraying or dusting, banding is carried out by 
individuals in several sections and by the entire acreage (6,500 acres) 
in the Puente Walnut Growers’ Association (8&). In this association the 
bands are inspected regularly and the larvae are destroyed. At the last 
inspection of the season, a record is kept of the numbers of larvae pres- 
ent on each tree. These data have been collected over a period of eight 
years and show that in the larger plantings (20 to 100 acres or more), 
where the infestation is maintained at a low ebb through treatment, 
it is frequently only necessary to treat small areas or foci of heavier 
infestations every second or third year. As a typical example, through 
the use of these data Stanton (8) has shown that in one planting of 100 
acres by carefully following the system of “spot treatment’’ whenever 
practicable, the entire acreage was treated in only two years within a 
six-year period. For three consecutive years an average of only 21 acres 
was treated each year, which maintained the degree of infestation in 
the total planting below the economic zero. 

In banding for codling-moth control, a special type of burlap band 
is used. The work is highly systematized and costs less than $1.00 per 
acre per year. Apparently only a relatively small percentage of the 
total larvae on a large walnut tree ever reach the band on the trunk. 
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Therefore the use of bands solely as an auxiliary method of control is 
of questionable economic value except on small trees. The value of 
chemically treated bands has been studied, and present information 
indicates that they are too costly to justify their use on large walnut 
trees. 

Natural enemies do not ordinarily exert a sufficient effect upon the 
codling-moth population in walnuts to warrant consideration in the con- 
trol program. 

ConcLusion.—It is evident from the foregoing discussion that the 
codling-moth problem on Persian walnuts differs in many respects from 
the problem on pome fruits. Control at present is relatively simple 
mainly because of the inherent resistance of the host to attack by the 
larvae. The history of the codling moth from the world viewpoint shows 
that it is a plastic species, and whether or not it will, with time become 
better adapted to utilize walnut as a host and thereby complicate the 
problem of control is problematical. 
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THE ROLE OF BIOTIC FACTORS IN THE DETERMINATION 
OF POPULATION DENSITIES'” 


By Harry S. Smitn, University of California Citrus Experiment Station, River- 
side, California 


An examination of the literature of applied entomology during the 
past decade reveals the fact that entomologists throughout the world 
are devoting more and more attention to the development and use of 
the biological-control method as one of the means of preventing or re- 
ducing the damage caused by insect pests. The rapidly growing in- 
terest in this type of work would seem to indicate a rather general be- 

‘Paper No. 325, University of California Citrus Experiment Station and Graduate 
School of Tropical Agriculture, Riverside, California. 

‘I am indebted to my friend, Dr. Hans Jenny, of the University of Missouri, for 
valuable advice and criticisms. 
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lief in its value. However, it is not unanimously accepted as a practical 
control measure, and some even deny the validity of the premises upon 
which it is based. 

Thus Bodenheimer (7)* has expressed himself as being ‘‘opposed to 
the general assumption that the introduction and acclimatization of 
beneficial insects is sufficient to establish permanent control of insect 
pests.’’ He further states, ‘“The so-called equilibrium in nature is main- 
tained neither by the influence of parasitic enemies or diseases on the 
one hand, nor by nutritional limitations on the other.” 

While this attitude toward biological control is certainly an excep- 
tional one, it may perhaps exist to a sufficient extent to justify a re- 
éxamination of some of the primary assumptions which are fundamental 
to the question. Since the soundness of conclusions is dependent upon 
the validity of the premises, these can not be scrutinized too carefully 
or too often. As stated by Lotka (9, p. 377), ‘““The examination, and, 
when need be, revision of our fundamental premises is a task of a wholly 
different order from that of rearing upon these premises a structure 
of logical argumentation... ... Most of us are held back by our precon- 
ceived, intuitive judgment, which, blindly entertained, blinds us against 
possible alternatives.’’ Even in physics several fundamental premises 
have had to be revised in recent years. How necessary must it be, then, 
in the much more complicated problems encountered in biology, to 
subject to constant scrutiny the general premises upon which future 
studies are to be based. 

This is especially true in problems having to do with populations 
which, it is generally recognized, are of an extremely complicated nature. 
The density of a population, under natural conditions, is determined 
by the interactions of almost countless forces, continually varying in 
intensity, the effect of each force influencing in some degree the effect 
of every other force. If these forces are considered in detail, it seems 
an almost hopeless task to attempt to understand their effect. Yet the 
population problem is of such great importance, not only in economic 
entomology but in a great many other branches of biology, that it can 
not be ignored. Fortunately, largely through the impetus given by 
Pearl, Lotka, Volterra, Thompson, Chapman, Nicholson, Gause, and 
others, it has now become an important branch of investigation; it has 
gone far beyond the field of human populations in which, of course, 
it had its origin. 

The biological control of insect pests is fundamentally a population 
problem. It is essentially ecological in nature because it has as its aim 
the modification of the biotic characteristics of the environment of a 
species in such a way as to influence its population density. Since the 
forces which determine the population density of a species are so num- 
erous, varying, and interdependent, the rdle played by biotic factors 
can not well be considered separately from the abiotic factors in a dis- 
cussion of this question. In a brief paper such as this, however, only 
the most general aspects of the problem can be touched upon. 


3Italic numbers in parentheses refer to Literature Cited. 
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It is the writer’s opinion that few modern economic entomologists, 
ecologists, or zoologists will deny to either biotic or abiotic factors a 
place of importance in the determination of population densities. It 
is only rarely, as in the case mentioned earlier, that an investigator 
comes forward with the idea that biotic factors are of little or no im- 
portance in bringing about population equilibrium, or that the intro- 
duction and acclimatization of parasites, predators, and diseases can 
in no case modify the population level of their hosts. It will be of in- 
terest, therefore, to examine such an argument. 

Bodenheimer (2) writes as follows (in translation): 

“The previous generation was dominated by the ideas of the 
struggle for existence, of competition for food, of balance in nature, 
and of regulation of the normal number of individuals of an insect 
species by its parasites. During recent years it is coming more and 
more to be recognized that it is the abiotic factors, principally cli- 
mate, that regulate the numbers of individuals. 

‘“‘In the course of the last year, Janisch developed a curve show- 
ing the dependence of mortality on temperature, which is repro- 
duced here. The abrupt fall of the curve outside of the vital zone 
corresponds to the shortening of life at high and low temperatures. 
Thus, this curve presents a good symbol of duration of life as a 
function of temperature. 

‘‘However, temperature by itself is not of decisive importance in 
the duration of life. The epidemiological evaluation must be based 
on the combined effect of temperature and humidity. As shown 
first by Pierce and Bodenheimer, there is a vital optimum. This is 
the combination of a certain temperature and humidity, at which the 
individuals of a species will attain maximum duration of life, under 
otherwise equal conditions. With every other combination the dura- 
tion of life is shortened. The further removed from the vital opti- 
mum, the shorter will be the duration of life. The lines of equal 
mortality surround the vital optimum in an approximate ellipse. 

‘As proof of these conditions only two cases will be given here. 
The first refers to the mortality of the eggs of the African locust 
(Schistocerca gregaria) under different combinations of temperature 
and air moisture. With this species the eggs are the decisive stage 
for mass production. The eggs will develop only within a limited 
range, the vital optimum being 30° C and 100 per cent relative 
humidity. The absolute limits of development, beyond which no 
eggs will hatch, are between 60 per cent and 70 per cent relative 
humidity, and 20° to 39° C. Older eggs will hatch under less favor- 
able conditions. 

“The second example is taken from the very careful study of 
Shelford on Carpocapsa pomonella...The vital optimum occurs at 
about 70 per cent relative humidity and 24° C.;-the vital limits are 
between 8° and 39° C., and 15 per cent and 100 per cent relative hu- 
midity. In view of these wide limits, we must conclude that the 
pupal stage is especially resistant in moths. Also the general shape 
of the curve conforms to these assumptions. 
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‘It will suffice here to state that the duration of life may be repre- 
sented for practical purposes by a diagram, the ordinate being the 
relative humidity and the abscissa the temperature. Around the 
vital optimum the points of equal duration of life will range in an 
approximate ellipse. A diagram is essential for each stage of de- 
velopment. In epidemiological practice, however, it will be sufficient 
to have only those of the more sensitive stages (usually eggs or first 
stage larvae). 

“Two principles have now been developed: the determination 
of the potential of development by applying the improved law of 
heat summation, and the diagram of mortality for the most sensi- 
tive stages of development. These two principles give us the possi- 
bility of quantitative predictions. These predictions, however, de- 
pend on the supposition that climatic factors are mainly responsible 
for the regulation of the numbers of a species. This supposition is, 
however, in strict contradiction to two important dogmas: the 
struggle for existence, conditioned by limited food supply, and 
the equilibrium of nature which is, for insects, maintained mainly 
by the effect of parasitism. 

“As to the first dogma, it has been sufficiently proved that it 
contradicts the facts. It is only in rare borderline cases that the food 
is used up to the possible limit. Any meadow, field, or orchard will 
prove this sufficiently. The reduction in yield is merely an anthrop- 
ocentric conception; injury to the pulp of fruits, such as that of 
the fruit flies, is biologically unimportant to the plants. Only very 
rarely a very extensive feeding upon the leaves would injure the 
plant in a biological or epidemiological sense. 

“The same is true for the action of parasites; this is only a special 
case of carnivorous feeding, but does not differ particularly from 
that of the plant feeders. On account of the great importance at- 
tributed to it up to now, however, it is necessary to go into the de- 
tails of some examples. 

‘“‘Sachtleben has recently investigated the mass reproduction of 
the Forleule (Pannolis flammea). The result was that the number 
of eggs really laid was only 1/12 of the expected number. Of the 250 
eggs laid per tree, only 8.4 attained the caterpillar stage; only 1.1 
the advanced caterpillar stage. The large caterpillars were 78.9 per 
cent parasitized (4.4 pupae, 17.7 dead). Of the 250 eggs, 50 (77- 
chogramma) and 8 (as caterpillars) were parasitized, that is, a total 
of 23.3 per cent. A large percentage of the parasitized eggs, how- 
ever, would have been destroyed anyhow as eggs (at least 20 per 
cent) or would have died in the first or second larval stage. Thus 
the parasitism which was economically valuable must be estimated 
as much smaller. 

‘‘A calculation shows that only 10 moths emerged from 1,000 eggs. 
Corrections are necessary as to the mortality and as to the parasi- 
tized eggs, which would have succumbed anyhow to later mortality 
and therefore have to be excluded epidemiologically. Then only 2 
per cent of the eggs, 6 per cent of the caterpillars, and 17 per cent 








December, '35] SMITH: BIOTIC FACTORS, POPULATION DENSITIES 877 
of the pupae have been parasitized or, referred back to the original 
number of eggs, only 5.3 per cent of the total amount. These 5.3 
per cent represent the total epidemiological part taken by the 
parasites in reducing the potentiality of development; while, ex- 
cluding the parasites, the reduction by climatic factors is 93.7 per 
cent.”’ 


From this rather lengthy quotation, the meaning of which it is hoped 
has not been modified in any important particular by translation, we 
may draw several conclusions. According to Bodenheimer and the school 
of thought which he represents, we may conclude that population den- 
sities of insects are determined almost solely by abiotic factors, of which 
climate is the principal one; that climate operates in two principal ways 
against insect abundance: first, by influencing the rate of development; 
and second, as a direct cause of mortality or by a reduction in fertility; 
that biotic factors, because of the fact that the “real mortality’’ (72) 
caused by them is a relatively small part of the total mortality to which 
insects are subjected, are of little or no importance as regulatory factors 
in insect populations; and it therefore follows that the introduction of 
parasites, predators, or diseases from the native habitat of a pest into 
an area where it has been introduced without them is an unsound pro- 
cedure. 

We may now examine the general question in order to determine to 
what extent these conclusions are justified. 


' 
POPULATION FLUCTUATIONS AND THE PRINCIPLE OF EQUILIBRIUM 


Different ways of looking at a phenomenon often give rise to differ- 
ences of opinion regarding it. For example, we see such conflicting state- 
ments as, ‘““One of the most striking characteristics of populations of 
organisms is their numerical stability,’’ and, ‘‘Populations of organisms 
are never stable but are continually undergoing change.’’ These state- 
ments, though seemingly contradictory, each contain a large amount 
of truth. The conflict lies in failure to define exactly what is meant by 
“stability’’ and “‘change.’’ If these statements were so modified as to 
express the idea that population densities of organisms are continually 
changing, but that their values tend to oscillate about a mean which is 
relatively stable, though itself subject to change, we should be pre- 
senting a fairly true picture of the quantitative characteristics of popu- 
lation densities. The average level of the sea’s surface is so constant 
that it is the universal point of reference for altitude measurements, 
yet the most striking characteristic of this surface is the ceaseless change 
in its elevation. 

If the population density of an insect be taken in a particular lo- 
cality for a sufficient period of years, it will be found to coincide fairly 
closely with the density for any other similar period of years, barring 
important artificial changes in the environment Different species thus 
have different average densities, and the same species will have differ- 
ent average densities in different environments. This is the idea we 
have in mind when we say that a certain species is rare, common, or 
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abundant relative to other species, or that a certain species is rare in 
one habitat and common or abundant in other habitats. It is a sort of 
qualitative designation for a quantitative characteristic, and while it 
is quite unsatisfactory for accurate, quantitative work, it does express 
a condition which unquestionably exists in nature, and as such is an 
essential concept in any general consideration of population problems. 

OscILLaTions.—While population densities exhibit this character- 
istic defined as the average density, they also exhibit other important 
qualities. One of these is the universal tendency for densities to de- 
part temporarily from the average, both positively and negatively, 
and in varying degrees. Thus the individuals of a species may be rela- 
tively many times more abundant during summer than during winter, 
or immediately following a restricted reproductive period than im- 
mediately preceding it. The general picture of the population changes 
of a species may therefore be represented as a series of more or less 
periodic fluctuations of varying intensity about an average density. 

It is these oscillations which result in the “‘stability’’ of average num- 
bers. This stability is of course not absolute; there is always a striking 
tendency for the density to swing back toward the average, whatever 
it may be, whenever there is a displacement from the average, either 
positive or negative, This tendency for adjustment is the point that is 
important. The existence of such a finely adjusted stability seems re- 
markable on first thought, but only a little reflection is needed to show 
that it is a condition indispensable to the existence of a species. A con- 
tinued increase or decrease of the population density is an obvious im- 
possibility. Those species which have persisted have done so because 
their relations with their environment are such that there is an inherent 
tendency toward stability of numbers. It must be noted that this in- 
herent stability exisis no matter what the average density is. It is found 
in species which are abundant as well as in species which are rare, and in 
a single species regardless of the fact that it occurs in abundance in some 
environments and in scarcity in others. Thus there is brought about 
a kind of equilibrium‘ which, by physical analogy, must be referred 
to as ‘‘stable’’ as contrasted with equilibria of the unstable or neutral 
types. This is due to the fact that any tendency of the density to de- 
part in either direction from the average modifies the environmental 
forces acting on the density in such a way as to restore it to the aver- 
age. Even extreme oscillation, therefore, does not destroy the equi- 
librium. Oscillations are the resultant of the forces which adjust the 
numbers of individuals of a species to the capacity of the environment 

*“Pedantic usage would demand that the term equilibrium be reserved for states 
satisfying the dynamic and energetic conditions of rest or invariability with time. 
It would deny the appellation equilibrium to certain states commonly so designated. 
Metabolic equilibrium, population equilibrium, and the like are not true equilibria, 
in this narrower sense, but are steady states maintained with a constant expenditure, 
constant dissipation of energy. It is not necessary, however, at present, to lay any 
stress on this distinction. The occasional use of the word equilibrium in speaking of 
what is merely a steady state maintained with a continuous expenditure of free 
energy is not likely to cause any serious confusion; and we may as well take the usual 
liberties in the matter, when this course is dictated by convenience and does not 
offend against essentia! principles.’’ (Lotka 9, p. 144). 
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in which the species happens to exist. This is the characteristic of popu- 
lations which is referred to by that much misused term “balance of 
nature.’’ It is one of the most important of all biological phenomena, 
for in the absence of this balance all species would either decrease un- 
til they were exterminated or increase to infinity. 

It should be noted particularly that oscillations are solely dependent 
upon the chronological distribution of variations in the ratio of births 
to deaths, and occur regardless of average density. Oscillations are, 
therefore, mainly relative, although it can be shown that the average 
density may influence the amplitude of the oscillations. They result 
principally from three causes. The first of these is the chronological 
sequence of reproduction and mortality which is inherent in the bi- 
ology of the species. The second is directly dependent upon the environ- 
ment and results from the fact that certain seasons favor reproduction 
over mortality, while during other seasons the opposite is the case. The 
third type of oscillation occurs as a result of the interaction of host and 
enemies or diseases. 

There are undoubtedly other immediate or direct causes of oscilla- 
tions, but these are believed to be the most important ones. Actually 
in nature an oscillation may be, in fact usually is, the result of all three 
causes working together; the chronological sequence of births and deaths 
as determined by the life history, the direct effect of the changing sea- 
sons, and the interaction of hosts and parasites. 

Oscillations are due merely to the fact that the effective rate of in- 
crease fluctuates with time; in other words, that the fraction of progeny 
per parent which survives is not constant. This fluctuation takes place 
whether there is one parent or one million parents per unit of area, and 
it is plain therefore that oscillations consist only of relative increase 
and decrease, and are independent of average density. 

THE EgvuILisrium Position.—One very important population char- 
acteristic, as pointed out by Uvarov (74, p. 161) needs to be mentioned. 
That is, that the average density itself may change under certain con- 
ditions. In general, the principal quantitative features of population 
densities are expressed as a series of oscillations about a center of os- 
cillation designated herein as the “equilibrium position.” 

In the development of a population under natural conditions (i. e., 
not a constant environment), if the value of the equilibrium position 
be plotted against time, the tendency is for it ordinarily to be main- 
tained at a relatively steady value, although it may change slightly 
from oscillation to oscillation, or there may occur striking changes in 
its value, either temporary or (presumably) permanent. 

Displacements of the equilibrium position, which are of very great 
practical interest, may result from several types of causes. The great 
entomological problems of the world are largely those in which the 
value of the equilibrium position has been more or less permanently in- 
creased. These disturbances fall primarily into two groups. First are 
those disturbances which result when a more favorable food plant is 
introduced into the habitat of a native species of insect, or when the 
native food plant of such an insect is greatly increased or improved 
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through extensive and intensive cultivation. Second are those distur- 
bances that follow the transference of an insect from its native habitat 
to a new habitat which often results in its becoming enormously abun- 
dant relative to its numerical status in its native habitat. 

A temporary displacement of the equilibrium position occurs when 
a species which is ordinarily of little or no consequence appears in enor- 
mous numbers for an indefinite period (say 1, 2, 3 or more years) and 
then subsides to its former condition of relative scarcity. This is the 
type of alteration which has been designated by the continental school 
of entomologists as a ‘‘gradation.”’ It is characterized by an equilibrium 
position which rises, then falls, about which the seasonal and other 
oscillations take place. 

Most problems in economic entomology have to do with species 
which have reached the condition of population equilibrium or the 
steady state. In general, such species become economic problems be- 
cause either the average density is above the economic zero, or the 
amplitude of the oscillations is such as to cause the insect numbers peri- 
odically to exceed that point above which damage occurs. Actually the 
two phenomena are closely related, since an oscillation of a certain am- 
plitude may cause the number of individuals to exceed the economic 
zero if the equilibrium position has a sufficiently high value, while os- 
cillations of the same amplitude about an equilibrium position of low 
value will be of no consequence. The value of the equilibrium position 
may also influence the amplitude of the oscillations. In many cases, 
therefore, the really significant characteristic of population densities 


from the economic standpoint is the value of the equilibrium position. 


THE MEANING OF THE LoGiIsTIC CURVE 

In general, attempts to determine the reasons for abundance or scar- 
city have been based upon studies of species which are of economic im- 
portance only. The fact that the number of species which become suffi- 
ciently abundant to damage crops is relatively small, and that such 
species form only an insignificant fraction of the total number of phy- 
tophagus insects is ignored. It is essential to study species which are 
rare in individuals as well as species which are abundant, if the reasons 
for abundance and scarcity are to be understood. Comparative studies 
of this kind are certain to shed light on the population problem, and 
they should be encouraged. Pending such studies and, it is hoped, to 
assist in the formulation of hypotheses to guide these necessary in- 
vestigations, a little speculation may not be out of place. 

Most laboratory studies on population growth have been concerned 
with only a part of the problem. In general a nucleus of the organism 
to be studied is planted in a suitable environment, populations counts 
are made at stated intervals, and the data are plotted with population 
density as the dependent variable and time as the independent vari- 
able. To some extent this has been varied by changing the physical 
environment. In practically all cases, except those of Chapman (4) 
and L’Heritier and Teissier (7), the experiments have been discon- 
tinued when equilibrium has been reached. In nature, however, the 
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population continues with time, and since, as pointed out at the be- 
ginning of this section, the economic problem arises after equilibrium 
has been attained, it is proper to ask what bearing such laboratory 
studies may have on economic entomology. Since they deal with popu- 
lation growth only from the time that a start of the organism is placed 
in the environment until equilibrium has been reached, and since the eco- 
nomic problem exists only after equilibrium has been reached, the ques- 
tion obviously is a pertinent one. 

I believe it can be shown, however, that such studies are of funda- 
mental importance to an understanding of the population problem. 

In all such experimental work as has been reported upon, the popu- 
lation growth follows the well-known Verhulst-Pearl law, which may 
be expressed by the equation: 

D ~ 
~ 1+ Cekt 

This, graphically, takes the form of a sigmoid or logistic curve. This 
curve and formula mean that if, under physically constant conditions, 
a beginning of a population of an organism be introduced into a favor- 
able environment, growth will start slowly and tend first toward a ge- 
ometric increase; then the increase becomes more and more retarded 
until it reaches zero, at which point the population density is in equi- 
librium with its environment. It is here that the importance of such 
studies becomes evident. These curves are of great theoretical interest 
to us because the factors which influence their trend are those which 
determine average population density or the equilibrium position. 


THE Errect OF THE ENVIRONMENT AS A UNIT 

It is plain that the rate of growth is dependent upon the quantitative 
relation between births, deaths, and time. If births and deaths are 
equal, the rate will be zero, that is, the population will be in equilibrium; 
if births are greater than deaths, the growth will be positive; if less, 
negative. The coefficient of growth will depend upon the degree of differ- 
ence between the coefficient of reproduction and the coefficient of mor- 
tality. 

The influence of the reproductive capacity, or the reproductive po- 
tential, of a species on its average population density or equilibrium 
position is slight. Since on the average only one of the offspring for 
each parent reaches maturity (in species which have reached stability) 
regardless of whether the species has a high or a low reproductive ca- 
pacity, it is evident that average population density is determined by 
some other influence. Darwin pointed out clearly that there is no corre- 
lation between reproductive capacity and average population density, 
and nature is full of illustrations of this fact. The function of the birth 
rate is to insure the survival of one offspring per parent, and one effect 
of a high birth rate is that it enables a species quickly to take advantage 
of an increase in the capacity of the environment for it, but it does not 
determine that capacity. According to Lotka (9, 129). ..“‘the birth rate 
does not play so unqualifiedly a dominant role in determining the rate 
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of growth of a species as might appear on cursory reflection. . . The final 
result may not depend very greatly on the number of births, somewhat 
as the final state of a crystallizing solution is independent of the number 
of crystal germs initially sown therein.”’ 

The reproductive capacity of a species, in a broad sense, may be 
looked upon as a constant; that is, the females of a species, under opti- 
mum conditions for reproduction, will produce on the average a ope 

cally constant number of eggs. Departures from this optimum will, 

course, result in a reduction of the number of eggs laid. There is a aie 
advantage in giving to the coefficient of reproduction a theoretically 
constant value and considering any reduction in births below this to 
be the effect of a change in the opposing force, environmental resis- 
tance, which undoubtedly is a fact. By doing this we have one constant 
and one variable to deal with, rather than two variables.Chapman 
(3, pp. 186, 190) has pointed out the technical difficulties in determin- 
ing this constant, but they do not appear to be insurmountable. Bi- 
ological constants probably never can be determined as exactly as are 
physical constants, but they must be at least approximated if any 
progress is to be made in quantitative biology. j 

For the purpose of this discussion, therefore, which is admittedly 
theoretical, we shall consider that the coefficient of reproduction is a 
constant for each species. It follows then that differences in the aver- 
age population density of a species are caused by differences in its en- 
vironmental resistance, which is conceived as including not only the 
causes of mortality but also the causes of a reduction of the number 
of eggs laid below what the average female would produce under opti- 
mum conditions for reproduction. 

It is unfortunate that actual data suitable for an experimental demon- 
stration of the relation between environmental resistance and popu- 
lation density are not available. In the absence of such data an hypo- 
thetical population has been devised, which, when analyzed, brings out 
some interesting points, and suggests hypotheses which should be sub- 
jected to experimental verification. 

Figure 126 shows a typical sigmoid or logistic curve calculated from 
the preceding formula; this curve shows the growth of a population 
of adults plotted against time in the form of successive generations. 
An initial density of 10, an equilibrium position (A) of 500, the num- 


ber of generations (2.72) necessary for the population to reach D 


and a coefficient of increase of 3 at D = 0, are arbitrarily assumed. 
The initial and final densities in each generation are adults, births and 
deaths taking place between these limits; the generations are distinct 

It is assumed, in order to avoid the complication of the sex-ratio, 
that the species consists entirely of females which produce only females 
parthenogenetically. It is assumed also that the coefficient of repro 
duction, m is a constant of the value 5, meaning that each adult pro- 
duces 5 young during each generation. The extremely small coefficient 
of reproduction is used in order to simplify computations and to keep 
the graph within reasonable bounds. 
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Starting then at ¢ = 0, with 10 adults, 50 young are produced, and, 
together with the parents, a total of 60 individuals appear during the 
first generation. But at the end of this generation according to the growth 
curve, only 39.2 adults are present, which means that during this period 
20.8 individuals (60—39.2) have died. Of these 20.8 that died, 10 were 
the adults with which the generation started and which died of old 
age after fulfilling their reproductive functions; the remainder (10.8) 
died prematurely. Starting the second generation with 39.2 adults, we 
have 196 young produced (39.2 x 5) and together with the 39.2 adults, 
a total of 235.2 individuals present. But an examination of the curve 
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Fic. 126.—Population growth as a function of time (generations). 


shows that the generation ended with 128.3 adults, so the mortality 
in the second generation was 106.9 (235.2—-128.3) of which 39.2 died of 
old age and 67.7 died prematurely. This development continues through 
each successive generation until the seventh, which starts with 495.4 
adults that produce 2,477.0 young, making a total present during the 
generation of 2,972.4 (2.477 + 495.4). However, since the generation 
ends with 498.9 adults, the mortality was 2,473.5 (2972.4—498.9), practi- 
cally equal to the number of young produced. Hence, there is little 
further increase and the population approaches equilibrium with its 
environment; in other words, it approaches the “‘steady state.’’ With 
no external disturbance and with favorable conditions for growth main- 
tained, the system will continue in this condition indefinitely. The 
births and deaths for each generation are shown in Table 1. Beyond 
the seventh generation they approach closer and closer to equality so 
that practically they become equal, although mathematically, accord- 
ing to this formula, they would reach that condition only at infinity. 

The most interesting facts are brought out when the coefficients of 
reproduction, increase, and mortality are plotted against density for 
each generation. , 

The graph (Fig. 127) is constructed as follows: The population den- 
sities of parents are arranged as abscissae, placed according to the num- 
ber at the end of each generation. The coefficients of reproduction, mor- 
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TABLE 1. 


Di, Initial density 
Df, Final density 
Df—Di., Total increase 


n, Coefficient of reproduction 


m, Coefficient of mortality 


n—m, Coefficient of increase 


n Di, Total progeny . 


n Di + Di—Dt, Total mortality 


b, Coefficient of density 
pendent mortality 


inde- 


a, Rate of increase of mortality 


with density 


*According to the formula Df = 


Fic. 127. 


ist 2nd 
. 100 39.2 
39.2 128.3 
. 29.2 89.1 
. 50 5.0 
2.08 2.72 
2.92 2.27 
50.0 196.0 
20.8 106.9 
2.0 2.0 
0.006 0.006 
500 
14 490 -3(0.477t) 


Generation 


3rd 
128.3 299.3 
299.3 431.0 
171.0 131.7 
5.0 5.0 
3.667 4.559 
1.33 0.44 
641.5 1496.5 
470.5 1364.8 
2.0 2.0 
0.006 0.006 
= — 1.432 


5th 
431.0 
481.6 
50.6 
5.0 
4.882 
0.117 
2155.0 
2104.4 


2.0 


0.006 


Tue GrowTsH oF AN HyporuHerticalt PorpuLaTtion* 


6th 
481.6 
495.4 
13.8 
5.0 
4.971 
0.028 
2408.0 
2394.2 


2.0 


0.006 


So ) 








0.006 


~Relative increase and relative mortality as functions of density. 
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tality, and increase are arranged as ordinates. On the basis of the origi- 
nal assumption we gave to the equilibrium position (A) a value of 500, 
and since at equilibrium the coefficient of increase = o, the ordinal 
value of the coefficient of increase at D = 500 is o. It was also a part 
of the original assumption that the coefficient of increase at D = o 
was 3. Thus the coefficients of increase at two densities are given. But, 
as has been pointed out by Volterra (73) and Gause (5), the coefficient 
of increase is a linear function of density. This follows from the differ- 
entiated equation of the Verhulst-Pearl law. Therefore, we may draw 
a straight line connecting these two coefficients and we can read on 
this line (of dots and dashes) the coefficients of increase for the differ- 
ent densities from o to 500. These are given by the equation (1 — m) = 
3 — 0.006 D where the coefficient of reproduction = n, the coefficient 
of mortality = m, and D = density. 

It is plain that if the coefficient of increase is a linear function of den- 
sity, the same must be true of the coefficient of mortality, since the 
coefficient of increase is equal to the coefficient of reproduction minus 
the coefficient of mortality. So far as I am aware, this has not been 
pointed out before, perhaps because, as stated earlier, reproduction 
and mortality have not been considered as separate entities but have 
been merged in the concept of net increase. The formula for the coeffi- 
cient of mortality in this case is given by m = 0.006 D + 2. As the den- 
sity of the population increases, a greater and greater percentage of 
mortality occurs until a point is reached where the coefficient of mor- 
tality is just equal to the coefficient of reproduction. This is the point 
at which the population reaches equilibrium. 

In Figure 128 the line MM’, » = 5 = 83.3 per cent represents the 
new individuals produced per parent during each generation; that is, 
each parent produces 5 young and of the total, consisting of 1 parent 
and 5 young, 5 is 83.3 per cent. It is evident that when the mortality 
line intersects this line MM’, deaths and births are equal and there 
is no further increase. 

The interesting thing about this chart (Fig. 128) is that it enables us 
to see graphically why a species is abundant in some habitats and rare 
in others, and what is the nature of the alterations which must take 
place in its environmental resistance to change its numerical status 
from abundance to scarcity, and vice versa. In the case so far considered 
the steady state was reached at density 500. If now we alter the en- 
vironmental resistance so as to follow the line NN’, the population 
will reach equilibrium at density 250 instead of at 500. Attention should 
be called to the fact that in both cases at equilibrium the total per- 
centage of destruction by environmental resistance is 83.3 per cent. 
What then is the difference in the environmental resistance in the two 
cases in one of which the final density is twice that of the other? Evi- 
dently the difference lies in the slope of the mortality line. The general- 
ized equation for a straight line is given by the slope formula y = ax + 
b, in which the quantity a indicates the slope, and 6 the y-intercept. 
It is plain therefore that the difference in the environmental resistance 
in the two cases is given by the difference in the constant a. Writing 
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m for y and D for x and determining the constants we have, when A = 
500, m = 0.006 D + 2; and where A = 250, m = 0.012 D + 2. These 
values, of course, may be reduced to percentages for each density, and 
they are so indicated on the mortality line. Inspection of these per- 


‘a 


D = DENSITY 
Fic. 128.—Showing how a change in density-dependent mortality affects the value 
of the equilibrium position. 


centages indicates that in the environment in which the lower density 
is maintained, the resistance increases with the density at a more rapid 
rate than is the case in the environment permitting the high density. 
This explains, therefore, in terms of total resistance, why this hypo- 
thetical species is abundant in some habitats and rare in others. 

A word about the effect of reproductive capacity may be desirable 
at this point. Attention was called above to the fact that at equilibrium 
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the total resistance in both cases is 83.3 per cent. This would be true 
no matter what the population density of this species was, provided 
only that it had reached stability, that is, was neither increasing nor 
decreasing on the average. To have stability, the number that die must 
be equal to the number that are born, regardless of the density or the 
reproductive capacity. The percentage of destruction of progeny re- 
quired to maintain equilibrium (the adults dying of old age) is there- 
fore determined solely by the reproductive capacity or the coefficient 


; , er . n— 1 :, 
of reproduction, mn. It is given by the formula ( - ——) 100 if the spe- 


cies is thelytokous; if not, of course the sex ratio must appear in the 
formula. If the hypothetical species we have been considering had a 
reproductive capacity of 500 instead of 5, the percentage of progeny 
ne 99 

destroyed to produce equilibrium would have to be (=) 100 = 99.8 
per cent at any equilibrium position (A), instead of 80 per cent (the 
83.3 per cent shown on the graph includes the parents). Since, accord- 
ing to the assumptions, the coefficient of reproduction maintains the 
same value regardless of density, while the coefficient or mortality in- 
creases as the density increases, it follows that at some density the 
resistance m will become equal to the reproductive capacity mn, and at 
this density the population becomes stabilized. 

Volterra and others have pointed out that the coefficient of increase 
is not a constant, but that instead its value decreases linearly as den- 
sity increases. Plainly, if it were a constant, other than 0, a population 
would increase continually or decrease continually depending on the 
sign of the coefficient. Volterra provides for this by giving to the coeffi- 
cient of increase a value represented by a constant ¢ from which is sub- 
tracted a quantity AN, thus: coefficient of increase = (€ — AN), A be- 
ing a proportionality constant. The growth of a population is then 
represented by Volterra by the equation 


. Cee™ 
1 + Cre* 
where C, ¢€, and \ are constants, and from this equation it follows that 
the limit of N, that is, the density of a population at equilibrium, is 
2 
given by the ratio. 


r 


THE COMPOSITION OF ENVIRONMENTAL RESISTANCE 


Actual population growth has to do only with survival, and in the 
conventional growth formulas which have been applied to population 
problems, nothing but the survivors find a place. Thus Volterra (15), 
(16), as mentioned, uses throughout his work the symbol epsilon (e), 
which he calls the coefficient of increase, and which he defines as the 
difference between the coefficients of reproduction and mortality, thus 

n —m. He does not of course maintain that the coefficient of in- 
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crease is a constant, indicating, as brought out in the previous section, 
that it decreases as density increases. This of course follows from the 


equation, since when differentiated it becomes dN = N (e—AN); and the 


, , . — N 
relative rate of growth, or the coefficient of increase, is Nn S =e—AN. 
, N ¢ 


dt 


Gause, in his excellent little book “THE STRUGGLE FOR EXIS- 
TENCE” (5) adopts a somewhat similar method of approach, using 
the symbol } to denote the coefficient of multiplication, from which 
he points out there must be subtracted a quantity represented by 
some fraction of the density, in order to have an expression for the 
true coefficient of increase. Thus the two important factors of birth 
rate and death rate as complete units are excluded, and quantities which 
represent only the survivors are retained. 

This method of treatment, while undoubtedly correct so far as it 
goes, greatly reduces the possibility of a complete understanding of 
the question, since it eliminates from consideration the birth and mor- 
tality factors as separate entities. The really important problem is to 
discover what determines the coefficient of increase. The answer to this 
question is to be found only in a study of the quantitative relation be- 
tween births and deaths. Further, we cannot be satisfied with a knowl- 
edge merely of how mortality functions as a unit, but we must be able 
to factor it into its components so that their effects can be studied sepa- 
rately. Plainly, therefore, if we are to determine how births and mor- 
tality affect density, they must appear in the equation. 

The constant ¢ as used by Volterra, and the constant b as used by 
Gause, both represent only the coefficient of increase at zero density, 
and not the coefficient of potential increase or reproduction. It is what 
Pearl (11) calls the “‘inherent rate of growth of the population, [which] 
diminishes with time.”’ That this inherent rate diminishes is of course 
due to the fact that environmental resistance increases as density in- 
creases. In the graph (Fig. 2) € and b correspond to the value of the 
point where the line representing the coefficients of increase intercepts 
the y-axis (having the value 3 in this particular case). This, it will be 
seen, is something quite different from the coefficient of reproduction 
or multiplication, m (having here a value of 5). The constants ¢ and } 
as used by Volterra and Gause are therefore equivalent to the quan- 
tity (n — 6) on the graph, the b here of course representing the y- 
intercept of the mortality line and not the b of Gause (in other words, 
b of the slope formula y = ax + 6). The importance of this point will 
appear later in the discussion. 

Since ¢€ is really equivalent to (n — b), we may substitute (» — )) 
for € in Volterra’s growth formula and » then represents the coefficient 
of reproduction, or reproductive potential, or the maximum. possible 
increase per parent in the absence of environmental resistance. We are 
then enabled to treat both reproductive capacity and environmental 
resistance as complete units and, as will be shown later, this change 
aids greatly in an understanding of the réle of the different components 
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of environmental resistance. The formula of Volterra may then be modi- 
fied by substituting (» — b) for e, a for A, and D for N, to read: 
D C (n — b) e b)t 
1 + Cae (n — b)t 


From this equation it follows that the equilibrium position of a species 


: n—b c 
will be reached at D = ( — ) where a = the rate of increase of the 


coefficient of mortality with density. The advantage of this treatment 
is that both reproductive capacity and environmental resistance are 
completely represented in the formula. 

It has long been recognized that environmental resistance is com- 
posed of factors which differ fundamentally in their effect on the popu- 
lation against which they operate. Environmental resistance in the ab- 
solute sense is an exponential function of density. Relative resistance, 
or the coefficient of mortality, or the rate per cent mortality, is a linear 
function of density since it increases proportionally as the density in- 
creases, as is shown in Figure 2. But relative resistance may be factored 
into its components, some of which are functions of density and some 
of which are not. Any real understanding of the réle played by the vari- 
ous kinds of mortality factors in relation to population density requires 
an acquaintance with their individual characteristics. Let us attempt 
then to make an analysis of environmental resistance in general. 

We have seen that if relative mortality is plotted against density a 
straight line m = aD + b is obtained, where m is the coefficient of mor- 
tality, D is the density, } is the y-intercept, and a is a proportionality 
constant. It will be seen from the graph (Figure 2) and from the formula 
that the coefficient of mortality contains two components, one of which, 
represented by the quantity aD, is a function of density, that is, it in- 
creases and decreases as the density increases and decreases; the other 
component represented by the quantity } is not a function of density, 
that is, it is unaffected by density. Does this theoretical distinction, 
as expressed by the graph and formula, have any basis in reality? I 
believe it does. 

Howard and Fiske (8, p. 107) long ago pointed out that the natural 
causes of mortality in insects are separable into two categories, one of 
which, destroying a constant percentage regardless of the abundance 
of the insect, they called ‘‘catastrophic,’”’ and the other, destroying a 
percentage which increased when the numbers of the host increased, 
they called “‘facultative.’”” W. R. Thompson (12) recognized this dis- 
tinction, referring to the two categories as “general’’ and “‘individual- 
ised’’ factors. Since the effect of the one type is independent of density 
and that of the other is dependent upon density, it seems best to desig- 
nate them as density-independent and density-de pendent mortality factors. 
There is still another category which destroys a percentage that de- 
creases as. the density increases. This type of factor is well illustrated 
by many insectivorous birds and mammals, the numbers of which are 
not strongly influenced by the numbers of any particular species of in- 
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sect and which for this reason can have no important effect on its aver- 
age density. Since this type of mortality factor is of relatively little 
importance in the determination of average population densities, it 
will not be considered further in this paper. 

The causes of mortality falling in the first two categories are nu- 
merous. Only a few will be mentioned. Of the density-independent mor- 
tality factors undoubtedly the most important are physical or abiotic 
in nature and have to do mainly with climate.’ In general, excessive 
heat or cold, dryness or humidity, wind or rain will destroy the same 
percentage of insects regardless of whether they are abundant or rare. 
Intrinsic weaknesses, such as those pointed out by Thompson and 
Parker (73) in the European corn borer where a large percentage of 
the young larvae always fail to enter the host plant, also belong in this 
category, as would non-contagious or non-infectious diseases, and mal- 
nutrition due to condition, but not quantity, of food. 

Of the density-dependent factors, it is believed that entomophagous 
insects would have to be ranked at the head of the list in general, al- 
though in certain specific cases infectious and contagious diseases would 
precede them. The quantity of food also operates as a density-dependent 
factor. Certain spatial requirements of the insect for the fulfillment 
of which the number of spaces is limited, such as situations protective 
against either enemies or the rigours of climate, or nesting sites, also 
have the characteristics of density-dependent factors in relation to popu- 
lation density since they cause competition; that is to say, they cause 
the mortality rate to increase with increasing density of the insect and 
to decrease with decreasing density. 

Having roughly classified the various types of mortality factors into 
the two categories, we may now return to the graphs to see what can 
be learned from them as to the differential effects of the various mor- 
tality factors on average population density. The two components of 
the equation m = aD + b in their quantitative characteristics coin- 
cide exactly with the two categories into which environmental resis- 
tance has been divided. The component represented by } corresponds 
to density-independent mortality, since it remains constant regardless 
of density; while the component represented by aD corresponds to den- 
sity-dependent mortality, since its value depends upon density. The as- 
sumption appears to be justified that the correspondence between the 
two is more than a coincidence, and that this equation is as represen- 
tative of the real facts of nature as can be expected when mathematics 
is applied to biological problems. It is a well known fact, based on gen- 
eral observation, that the relative efficiency of both entomophagous in- 
sects and diseases is greater when the host insect is abundant than when 
it is scarce. Abstract reasoning also supports this conclusion. At a rela- 
tively low density then, the density-dependent mortality aD would tend 
to disappear, while the density-independent mortality b would remain 
constant; in other words the mortality would be almost exclusively of 
density-independent type. Reference to the graph (Figure 127) will show 


‘Climate is used here in a sense distinct from ‘‘weather’’, meaning average weather 
conditions over a long period of time. 
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that this is the case, so it would appear that we shall not be greatly 
mistaken in assuming that aD really represents density-dependent mor- 
tality and that 6 really represents density-independent mortality. 





6 + 





T 2065% EACH GENERATION 
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ee 


Fic. 129.—Showing why density-independent mortality, acting alone, can not 
determine average population density unless it is greater than the coefficient 
of reproduction, in which case extermination results. It does, however, affect 
the rate of increase. 


Referring now to Figure 129, the lines MM’, NN’, represent re- 
spectively the rate per cent mortality solely of the independent type, 
and the corresponding rate per cent increase. Under the conditions given 
the independent mortality is 58.3 per cent. This would result in an 
increase of parents in each generation of 208.5 per cent or geometric in- 
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crease, which means, of course, that the numbers would increase to 
infinity. The lines OO’, PP’, represent another case with an inde- 
pendent mortality of 75 per cent resulting in a per cent increase of 
parents in each generation of 125 per cent. It is plain from this chart 
that no matter how great the density-tndependent mortality is, provid- 
ing only that it is less than the coefficient of reproduction, in this case 
83.3 per cent, it can never check the increase of the species but that 
this will continue indefinitely. If the coefficient of mortality, where it 
is exclusively of the density-independent type, exceeds the birth coeffi- 
cient, extermination will result. When mortality is exclusively of the 
density-independent type, if the mortality coefficient is exactly equal 
to the birth coefficient, the species would neither increase nor decrease 
in numbers but would remain in equilibrium. However, this would be 
true at any density, the density in this case depending only upon the in- 
itial conditions. The conclusion appears to be justified therefore that 
mortality of the density-independent type (b) operating alone can never 
determine the average density (A) of a population. 

Let us now consider the effect of the density-dependent mortality, aD. 
Since with density-dependent mortality the coefficient increases with 
density while the birth coefficient remains constant regardless of density, 
it follows that in every case the mortality and birth rates converge with 
increasing density and therefore must become equal at some density 
at which point equilibrium results. The density at which this takes 
place, the birth coefficient being constant, is determined by the con- 
stant a in the equation m = aD + b. 

Before proceeding further, two points regarding the quantity aD 
need to be considered. First, are there any grounds, either observational 
or experimental, for the assumption that the meaning of aD in the 
equation is representative of the part played by biotic mortality factors 
in the determination of average population densities’? Second, what de- 
termines the value of the constant a? 

The characteristic which distinguishes the quantity aD is that it in- 
creases and decreases with similar changes in density. But this is ex- 
actly the characteristic which distinguishes density-dependent mortality 
from density-independent mortality. Since the time of Herbert Spencer 
and Charles Darwin, and probably long before that, biologists have ob- 
served that the relative efficiency of parasites, predators, and diseases 
is greater in a dense host population than in a sparse one. This con- 
clusion is so generally held that there would seem to be no question 
as to its validity. However, as pointed out by Lotka (9), assumptions 
are sometimes erroneous and need to be carefully reéxamined. Fortu- 
nately, experimental data are available which indicate that this assump- 
tion is in accord with the facts. In a recent paper Gause (6), working 
with data accumulated by Smirnov and Wladimirov, showed that the 
number of hosts parasitised by a single female parasite in one gener- 
ation increased rapidly as the host density was increased up to the 
point where her egg supply was exhausted, after which, of course, fur- 
ther increases in host density had no effect. They worked with the para- 
site Mormoniella vitripennis and the host Phormia groenlandica. The 
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relation between relative increase of the parasite and host density is 
shown in Figure 130. 

Recently my associate, S. E. Flanders, has studied the same problem 
using the parasite 7richogramma evanescens and the eggs of Sitotroga 
as experimental material. Here also the results indicate that increas- 
ing host density has the effect of increasing the relative rate of increase 
of the parasite. The conclusion to be drawn from these studies is that 
the maximum rate of increase of a parasite and, consequently, the maxi- 
mum host-mortality produced by it, is attained only after a certain 
host density has been reached. 
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Fic. 130.—Connection between the progeny of one pair of the para- 
site, Mormoninella vitripennis, and density of the host, Phormia 
groenlandica, according to Smirnov and Wladimirov. From 
Gause (5) 





Both general observation and experimental evidence point definitely 
to the fact that some biotic factors in environmental resistance have 
the characteristic of increasing in relative efficiency as the host increases 
in abundance. The biological explanation of this fact is undoubtedly 
to be found in the effect of density on the ability of the parasite or pre- 
dator to find hosts. The closer they are together the less expenditure 
of time and energy is required, and therefore the efficiency per para- 
site is greater. The conclusion then that some biotic factors are an- 
alogous in effect to the quantity aD seems to be justified. 

The constant a therefore is of extreme importance in this whole popu- 
lation problem. It represents the rate of increase of relative mortality 
with density, and since density-dependent mortality determines average 
density (A), other things being equal the constant a determines what 
the average population density of a species will be. 

The value of the constant a is influenced by a great many character- 
istics of the environment of a species. To illustrate this we may con- 
sider an entomophagous parasite. The effectiveness of a parasite or 
predator is measured by the host density at which it 1s able to destroy 
the surplus progeny, that is, the progeny per parent that would other- 
wise reach maturity, minus 1. Plainly this depends upon such charac- 
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teristics as the defensive or protective ability of the host and the na- 
ture of its spatial distribution; on the ruggedness of the host-search- 
ing stages of the parasites and their transportation ability; on the rapid- 
ity of their increase; and on their psychological characteristics includ- 
ing the intensity of the host’s attraction for them and their aggressive- 
ness and persistence. A parasite which ranked high in these characters 
would be able to destroy the surplus progeny of the host when the latter 
are farther apart than a parasite which ranked low, and would conse- 
quently be able to maintain its host at a lower density and therefore 
be more effective. The presence of such a parasite in the environment 
of its host would give to the constant a a high value; its absence a low 
value. 
CONCLUSIONS 


It seems clear from what has preceded that density-dependent mor- 
tality factors can determine the average population density or equi- 
librium position of a species; that density-independent factors operat- 
ing alone can never do so. But density-dependent factors are mainly 
biotic in nature, while density-independent factors are mainly physical 
or abiotic, and principally climatic. Are we to conclude from this that 
the equilibrium position or average population densities of species are 
never determined by climate, but always by biotic factors? Such a 
conclusion would be an inexcusable error. Climate does not always 
act as a density-independent factor, but often operates quantitatively 
in much the same way that is characteristic of biotic factors, that is, 
it destroys a percentage which increases with density. So far as the 
writer is aware, no careful studies have been made to elucidate just 
how climate has this effect. It would require a type of study which 
would be extremely difficult to carry out, since it would necessitate the 
determination of the causes of death of a large number of insects at 
two or more densities, under perfectly natural conditions in the field. 
But climate so obviously limits geographic distribution and determines 
the average number of so many species that, even in the absence of 
proof, we must admit that under certain conditions it is capable of act- 
ing as a density-dependent factor. 

It seems most probable that this takes place through the existence 
of protective niches in the environment which are more or less limited 
in number. Individuals in excess of this number and which can not 
therefore attain these niches are destroyed by unfavorable climate, 
while the others survive and prevent extermination of the species. Cli- 
mate affecting the numbers of a species in this way would operate as 
a density-dependent factor, since its relative effect would increase and 
decrease with increasing and decreasing density. Climate can also affect 
the equilibrium position indirectly by modifying the efficiency of the 
density-dependent factors. 

Undoubtedly competition for space commonly determines the equi- 
librium positions for many species. C. O. Persing informed me that he 
had found it practically impossible to rear more than one codling moth 
larva on a walnut. The food supply would be ample for several, but 
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competition for space prevents its use. Such limiting factors have been 
recognized for many years by ecologists as affecting population den- 
sities of birds, mammals, and plants. It operates of course as a denstty- 
dependent mortality factor. 

We may now return to the original proposition as presented by Bo- 
denheimer (2) to see to what extent if at all these two divergent views 
regarding the determination of average population densities or the equi- 
librium position of species can be reconciled. First let us consider the 
effect of rate of development, which he considers to be a factor of first 
importance. The rates of physiological processes, excepting perhaps in 
cases of extreme physical crowding, are not influenced by density. Rate 
of development therefore falls generally into the category of density- 
independent factors, and.we have seen that these cannot determine aver- 
age population densities. Second, what is the effect of climatic mortality ? 
It has been shown that under certain conditions climatic mortality can 
act as a density-dependent factor and thus determine the equilibrium 
position. The proof of this is not to be found however in the type of 
data submitted by Bodenheimer. The fact that each species has a vital 
optimum of temperature and humidity, and that deviations from this 
in either direction result in mortality, has no bearing on the question, 
since this mortality occurs in the same relative degree whether the in- 
dividuals are abundant or rare. In order to prove that climatic mor- 
tality determined the average population density of a species, it would 
be necessary to present data from two different densities, and to show 
that it destroyed a greater percentage of individuals when they were 
abundant than when they were rare. This was not done in the cases 
under consideration and so it constitutes no proof whatever that climate 
determines average population densities. 7hird, what are the effects 
of food supply, or nutrition? So far as actual starvation is concerned, 
I agree with Bodenheimer that this happens only in rare, borderline 
cases. Usually other environmental factors limit the density of a species 
before its food supply is exhausted, or it is exhausted only as a result 
of an oscillation of great amplitude, not because of a high average den- 
sity. 

Fourth, what is the influence of entomophagous insects and diseases? 
It has been shown that relative mortality of the density-dependent type 
is indispensible to population equilibrium; and that both general ob- 
servation and experimental studies indicate without question that, as 
mortality factors, parasites, predators, and diseases possess this charac- 
teristic to a high degree. One would be compelled to conclude, certainly 
on theoretical grounds at least, that such organisms can determine the 
equilibrium position of their hosts, and that the population level at 
which equilibrium is reached in such cases is dependent upon the ratio 
of the relative mortality they cause to the density of the host. 

Wherein then is the fallacy of Bodenheimer’s argument? Such figures 
as he presents are absolutely without value as proofs either for or against 
the claim that parasites influence average population densities. In order 
to prove that, it would be necessary to have data on the ratio of relative 
mortality to host density, and this would require figures representing 
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at least two different densities, whereas the author quoted says noth- 
ing whatever about density. In other words, density did not appear 
in the equation, so conclusions regarding density cannot logically be 
deduced from it. It seems evident that the author quoted based his 
conclusion on the fact that parasites destroyed only 5.3 per cent of 
the insects, while climate destroyed 93.7 per cent. Assuming for illus- 
tration that the species referred to by Bodenheimer has a birth rate of 
n = 100, the percentage of destruction of progeny required to prevent 


9 
increase would be 100 (- = =) = 98 per cent. A destruction of 93.7 
per cent, such as he points out was caused by climate, would result in 
the next generation starting with 6.3 parents instead of the 2 with 
which the previous generation began, a population 315 per cent greater, 
and, assuming that the climatic mortality here was of the densitty-inde- 
pendent type, this increase would continue to infinity unless arrested 
by the action of a density-dependent factor such as the parasites. The 
fact that the percentage of destruction by climate was greater than 
that by parasites has no bearing whatever on the importance of the 
parasites in determining the average population density. I am in entire 
accord with Nicholson (zo, p. 136) in his statement that, “If an at- 
tempt be made to assess the relative importance of the various factors 
known to influence a population, no reliance whatever must be placed 
upon the proportion of animals destroyed by each. Instead, we must 
find which of the factors are influenced, and how readily they are in- 
fluenced, by changes in the density of animals.”’ 

Theoretical considerations then, as well as the many practical illus- 
trations which recent entomological history affords, lead the writer to 
assert his strong belief in the so-called ““dogma”’ that parasites, pre- 
dators, and diseases are of great importance in the determination of 
average population densities and that therefore attempts to lower these 
densities by the introduction of such organisms is based upon a sound, 
scientific foundation. Anyone who has had any extensive practical ex- 
perience in this kind of work will admit that its possibilities are limited, 
in fact disappointingly so. But this is not because the underlying prin- 
ciples are unsound. It is rather because in many cases the insect which 
it is sought to control by the biological method does not have in its 
native environment a denstty-dependent mortality factor which can be 
successfully transported to and established in the new habitat. 

Rigorous proofs of success in biological control are difficult to obtain, 
and no doubt this is responsible for some of the skepticism toward the 
method. One working intimately with such a problem, following de- 
velopments in the field closely and painstakingly, does not feel the need 
of rigorous proof, and since the really important thing to him is the 
successful outcome of his project, and since he is practically always 
working with a limited budget, this phase of biological control is gen- 
erally neglected. He usually has had to base his own conclusions on 
the observation that in the early stages cf the introduction the host 
density was reduced where the parasite was well established and re- 
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mained high where it was not. If consecutive introductions into differ- 
ent regions have been followed by a lowered host-density in each in- 
stance, this has been considered satisfactory evidence of the effective- 
ness of the introduction. Biological control differs in this regard from 
the so-called artificial control in that, in most cases, checks can not 
be relied upon because of the prompt immigration of the introduced 
insects into the checks. In a few cases, such as Vedalia, where the in- 
sect is large, proof can be had by screening the insect off of the host 
plant and thus removing it from the pest’s environment. However, 
this method is difficult in the case of a small parasite, owing to the dan- 
ger of modifying the physical environment because of the fine screen 
necessarily used. 

Theoretically it would now be possible to secure additional proof of 
the effectiveness of an introduction by use of the formula 


Lim D 
t=c 


The reproductive capacity m could be obtained, and a and b could be 
evaluated by determining the relative mortality at two different den- 
sities both prior to and after the introduction. An increase in the value 
of a would indicate that the parasite was responsible for the reduction 
in density. Actually, however, this would be extremely difficult to do. 
[t would necessitate the determination of the relative mortality in such 
a way as to eliminate heterogeneity due to local conditions and vari- 
ations in the seasons, and the statistical requirements would be very 
difficult to carry out. 

A word of caution needs to be given in closing. This discussion, as 
pointed out in the beginning, deals exclusively with average population 
densities, or the equilibrium positions of species. The effect of the vari- 
ous kinds of mortality factors on oscillations has purposely been omitted, 
since this would entail a much too extended discussion. It must be 
pointed out, however, that the two problems are distinct, and that the 
ideas here advanced are not in any way antagonistic to the views ex- 
pressed by many investigators including Bodenheimer, Janisch, Fried- 
erich, Shelford, Uvarov, and others, to the effect that abiotic factors 
are of extreme importance in relation to fluctuations in numbers. The 
numbers of all species oscillate as a result of the influence of meteorological 
variation, and these oscillations are of great economic importance. All 
the studies that have been directed toward an attempt to understand 
them, and a great deal more, can be justified, since the possibilities of 
predictions are solely dependent upon a knowledge of the effect, both 
direct and indirect, of weather on insect numbers. But it is a mistake 
to conclude from the fact that meteorological variation causes the numbers 
of insects to oscillate, that it also necessarily determines the average 
numbers about which the oscillations take place. These two phenomena, 
though somewhat related, are essentially different problems. 
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EFFECT OF HOST DENSITY ON PARASITISM 


By S. E. FLanpers, University of California Citrus Experiment Station, Riverside, 
Calif. 

The mass production of the grain moth, Sitotroga cerealella, and its 
parasite, Trichogramma, has made possible the development of a con- 
venient method of study.:ng and demonstrating the effect of host den- 
sity on parasitism under controlled conditions. 

This effect is measured by the progeny per parasite and the per- 
centage of parasitism under two series of environmental conditions. 
Each series is a duplicate of the other except that in one the host den- 
sity and in the other the number of parasites liberated varied. 

In this paper the discussion is limited to a description of the technique 
employed and a summary of the facts to be derived from the limited 
data. 

The maximum dispersion of 7richogramma in complete darkness was 
found to be about 36 inches from the point of liberation. Upon this 
basis a container was devised, measuring 18 inches by 18 inches by 4 
inch, and providing on its inner surfaces an area of search of about 
4% square feet. In such a unit it is highly improbable that an indi- 
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vidual parasite would cover more than a fraction of its surface. This 
is indicated by the data obtained. With hosts evenly distributed over 
this area, it appears that a parasitism exceeding 80 per cent can not 
be obtained with less than one parasite per square foot. 

Each unit consisted of two plates of double-strength window glass 
(18 inches by 18 inches) held apart by four small corks (each # inch 
high) and taped together at the edges by strips of ordinary gummed 
paper tape, such as is used in sealing packages. 

In preparing a unit for each experiment, each plate of glass is placed 
on graph paper in order that the host eggs may be spaced at uniform 
distances. The eggs are placed on the plate by means of a small camel's 
hair brush, consisting of only several hairs. The brush is dipped in 
water and the eggs are picked up one at a time and transferred to the 
glass plate. The water softens the material on the surface of the host 
eggs and this upon drying fastens the egg firmly to the place. In the 
process of developing this work, about 20,000 eggs were thus used. 
These eggs are comparatively tough and not easily injured. Freshly 
deposited eggs are used so that they will remain susceptible to attack 
for a limited period, which is about five days at a temperature of 25° C. 
The eggs are placed at the edges of only one of the plates so that when the 
container is set up all of the eggs are practically the same distance apart. 
After the eggs are in position, the corks are placed near each corner 
of the bottom plate and the other plate is inverted over it. The gummed 
tape is then placed around the edges of the unit, holding the plates in 
place and preventing the parasites from esc. ‘ing. 

Only female parasites reared on Sitotroga eggs are used and these 
are fed honey before being placed in the units, where they live for about 
four days. To obtain the minimum of variation in results, they should 
be of the same age in all tests. 

In making the transfer from the stock cages, the parasites are at 
first placed in gelatin capsules. This is accomplished by placing a quan- 
tity of the parasites on a flat plate about 4 inches square, exposed to 
a strong current of air from an electric fan to inhibit their rapid move- 
ment, ascertaining the sexes under a binocular microscope and then 
placing the open capsule over the females. The parasites released from 
the inhibiting effects of the air current move rapidly upward into the 
capsule. The effect of the air current also prevents their escape from 
the open capsule. When the desired number of parasites are in each 
capsule, it is closed and set aside until ready to liberate in the experi- 
mental units. 

The parasites are placed in the unit by inserting the portion of the 
capsule containing them through an aperture in the paper sides of 
the unit. A small piece of Scotch tape is then used to seal the aperture 
thus made and hold the capsule in place. Eleven densities were used; 
that is, 18, 41, 52, 74, 98, 130, 164, 290, 394, 452, and 650 eggs, evenly 
spaced from 1 to 6 inches apart over the inner surface of the units. 
Series of tests were made with liberations per unit of 5, 10, and 15 para- 
sites. The time required to set up one unit varies from 30 minutes to 
2 hours, depending on the number of host eggs and parasites used. 
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When completely set up, each unit was placed in a dark room hav- 
ing a temperature ranging between 24° and 26° C, and relative hu- 
midities from 60 to 70 per cent. After 6 days these units are removed 
and the position of the parasitized and unparasitized eggs plotted on 
graph paper. This is done before the units are takenapart to be cleaned 
and refilled, since the parasitized eggs are readily distinguished because 
of their black color. 

The following results are based on tests in which a total of 7,806 
hosts were used. 

It was found that with increasing host densities the number of prog- 
eny per parasite increased until a maximum was reached and main- 
tained. This effect, according to Gause' has been demonstrated re- 
cently by two Russians, Smirnov and Wladimirow, using as a host the 
pupae of the fly Phormia and the parasite Mormonielia. 

It is apparent that the number of progeny per parent becomes con- 
stant after the number of hosts within the sphere of action of the para- 
sites exceeds the total reproductive potential of the latter. 

Within the limited area of the experimental units the number of 
progeny per parent decreased with the increase in the number of para- 
sites liberated. This decrease was probably due to superparasitism. 

Another effect of superparasitism was to lower the rate at which 
the progeny per female increased with host density, so that the rate 
of increase was inversely proportional to the number of parasites liber- 
ated. 

The data also indicate that with single generations the maximum 
percentage of parasitism occurs when the host density is such that the 
number of hosts approaches the total reproductive potential of the para- 
sites. At lower densities, the percentage of parasitism increases as more 
eggs become available. At high densities the percentage of parasitism 
decreases since the reproductive potential is limited and is independent 
of the host density. 

With multiple generations occurring under natural conditions, the 
reproductiveness of the parasite is not so limited and continues to be 
dependent on host density, so that the increase in percentage of para- 
sitism would be expected to continue. 


THE PACIFIC MITE, TETRANYCHUS PACIFICUS McG., 
IN CALIFORNIA 


By J. F. LaMimMan, Junior Entomologist, University of California 


In California red spiders constitute one of the major groups of pests 
attacking deciduous and citrus fruits as well as truck crops and orna- 
mental plants. In recent years the injury from the Pacific mite, 7e- 
tranychus pacificus McG., on juice and other grapes in the interior 
valleys has emphasized the importance of this group of mites. 


1Gause, S. F. Zeit. f. angew Ent. 20 : 619-623. 1934. 
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The term red spider has been used for all members of the family Te- 
tranychidae, and for that reason it is often impossible to determine, 
especially in agricultural publications, which species is the one referred 
to. In California there are at least fifteen species of true red spiders, 
described in three genera (7etranychus, Paratetranychus and Schizote- 
tranychus) all of which are of economic importance either on food crops 
or ornamental plants. In addition there are ten species in seven genera 
(Bryohia, Tenuipalpus, Tetranychoides, Tetranobia, Tetranychina, Calig- 
onus, and Stigmaeopsis) which have been included in the same family 
by various workers. 

The most important species of the true red spiders are the Pacific 
mite, 7etranychus pacificus McG., on deciduous fruits and grapes; the 
citrus mite, Paratetranychus citri McG., on citrus fruits; and the com- 
mon red spider, 7etranychus telarius (Linn.), in greenhouses and on 
truck crops. 

Entomologists as well as growers have been Confused as to the iden- 
tity of the various species of red spiders, due largely to the difficulty 
of macroscopically separating the various species and because the com- 
mon names have been based on color markings, which are variable or 
even lacking. This confusion in common names is shown by the follow- 
ing: 

T. sdlavine Cian.) a ses red spider 
Two-spotted mite or red spider 
T. sexmaculatus Riley Six-spotted mite or red spider 
Six-spotted mite or red spider 
T. pacificus Mc G. Yellow mite 
Pacific mite or red spider 


Although microscopic examination of the male genitalia is necessary 
to establish the species in question, 7. pacificus McG., can usually be 
separated from 7. telarius (Linn.)—with which it is most often con- 
fused—by the yellow color, the presence of three irregular dark spots 
on each side of the abdomen, and more ovate abdomen as contrasted 
with the greenish color, two large spots (one on each side) on the ab- 
domen, and the more rounded abdomen of telartus. 

The Pacific mite, T. pacificus McG., was described by E. A. McGregor 
in 1919 from specimens collected in 1915 at Tracy, California, on China- 
berry (Melia sp.) and at Portland, Oregon, on mock-orange (Phila- 
delphus gordomianus), vetch (Vicia sp.), and wild currant (Ribes sp.); 
but it was not recognized as an economic agricultural species until 1927 
when the writer, recognizing differences between the common species 
in greenhouses and on truck crops I. telarius (Linn.)—and the one 
attacking deciduous fruit trees in the Sacramento valley, identified the 
latter as T. pacificus McG. Subsequently this species has been found 
to be responsible for the major part of the red spider injury in the hot 
interior sections of Northern California, being found to extend from 
the northern end of the Sacramento valley south to Kern County and 
in the coastal grape areas. This mite undoubtedly has been present 
for many years being considered as the common species telarius which 
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may attack the same hosts as pacificus. It is not uncommon to find both 
species attacking the same plant. 

In 1928 the Pacific mite was found attacking grapes in the San Joa- 
quin valley, where it is still a serious problem, especially on juice vari- 
eties. Since that time it has been found in most of the grape-growing 
sections of Northern California, often associated with another species, 
T. willamettei McG. The latter species however confines its attacks to 
spring and early summer, disappearing during hot weather. 


Fic. 131.—Adult females of Tetranychus pacificus McG., hibernating in bark 
of grape vine 


In addition to the hosts already mentioned, the Pacific mite has been 
collected from the following hosts: alfalfa, almond, apple, apricot, balm 
of Gilead, bean, black locust, celery, chestnut, dock, egg plant, filaree, 
malva, morning glory, peach, pear, prune, raspberry, shepherd’s purse, 
snow-ball tree, walnut (black and English), and watermelon. 

Lirr History.—This mite hibernates beneath the bark (Fig. 131) and 
in crevices of the host plant as light orange-colored, inactive females 
Hibernation begins in late summer and the mites, in groups of a few 
to several hundred, remain inactive until March of the following year. 
As many as two thousand have been counted from the bark of a single 
grape vine with fifty to eighty-five per cent of those hibernating sur- 
viving. The spring emergence of these females is subject to weather 
conditions as shown by the years 1931 to 1933. The first active mites 
were found about March Ist in 1931 and 1932, but in 1933 a cool spring 
delayed the emergence until after March 17th. A delay of two or three 
weeks in the appearance of the hibernating females has an important 
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bearing on the seriousness of the injury during that season. Thus in 
1933 maximum populations of mites were not reached until after the 
first of August just before hibernation started, with the result that there 
was no serious defoliation that season while defoliation followed by crop 
injury normally occurs in July. 

The females emerging from hibernation may feed on such weeds as 
filaree, shepherd’s purse, etc., growing around the vines and deposit 
eggs, thus increasing the number of mites which move to the new vine 
growth as soon as it appears. On deciduous trees the mites appear with 
the new growth, and the first colonies are found at the tips of the branch- 
es, usually in the top of the tree where they escape notice until defoli- 
ation begins and the tree is heavily infested. 

Each female deposits from 50 to 100 eggs over a period of two weeks 
to a month, and 10 to 14 days are required for hatching and develop- 
ment of the mite. Thus several generations may be produced in a single 
season with the maximum number of mites present in July and early 
August when infestations of 600 to 1400 mites per grape leaf are com- 
monly encountered on leaves showing severe mite injury. As many as 
900 have been observed on prune and almond foliage. As a result, large 
populations of mites in combination with high temperatures and low 
humidity produce severe injury, weakening trees or vines through de- 
foliation and reducing the quality of the crop through exposure to sun- 
burn. 

The rapidity with which these mites can build up in numbers is in- 
dicated by the increase in average number of Pacific mites per leaf 
from 18.8 on June 12th to 343.7 on August 12th, 1933 with a maximum 
of 1458, on untreated vines, and from .2 to 192.1 with a maximum of 
296 on treated vines. 

NATURAL ENEMIES.—Although there have been 44 natural enemies 
listed as feeding on red spiders, only a few have been found to occur 
in sufficient numbers to affect the mite population. Of these only two 
are of importance as predators on the Pacific mite—namely, the six- 
spotted thrips, Scolothrips sexmaculatus (Pergande), and the predaceous 
mite, Seius pomi Parrott, which are found almost without exception 
with this mite and its numerous relatives. Except in early spring, when 
small colonies of the mites may be destroyed by a predator, natural 
enemies are unable to cope with the reproductive potentiality of these 
mites. 


MEASURING THE EFFICIENCY OF MATERIALS 
USED FOR SNAIL CONTROL* 


By A. J. BASINGER, University of California Citrus Experiment Station, River- 
side, Caltf. 


Two species of snails are of economic importance in certain localities 
in California. These are Helix pisana Miller, which has appeared in 
several places in San Diego, Orange, and Los Angeles counties, and 


*Paper No. 329, University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, Calif. 
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Helix aspersa Miller which is more widespread in California and also 
occurs in other parts of the United States. 

During early attempts to eradicate Helix pisana,' it was found that 
a slightly moistened mixture of calcium arsenate and bran, at the rate 
of 1 pound of calcium arsenate to 16 pounds of coarse wheat bran, was 
a very promising poison bait. The area where eradication work against 
Helix pisana was being conducted was also infested by Helix aspersa, 
and it too was being killed by the same treatment. Since extensive use 
of the most satisfactory method of killing these snails was to be made, 
it was desirable to measure the efficiency of the poison bran bait against 
both species. To do this required the simplest kind of test, although 
considerable work was necessary to procure the data. These tests con- 
sisted of the treatment of a given area and a record of all snails present, 
dead and alive, at the conclusion of the allotted time. 

For Helix pisana, a garden plot 16 x 19% feet, representing about 
average conditions of infestation, was selected. The treatment was ap- 
plied and at the end of 6 days the results were as follows: 

Total snails present 

Total snails alive 

Total snails dead 

Per cent control of all snails present 

Per cent control of all active snails 95.57 

For Helix aspersa, a tree in an infested orange grove served as the 
unit. The bait was scattered on the ground underneath the tree on 
December 12, and the data were taken on January 24. The results 
were as follows: 

Total snails present 755 
Total snails alive 93! 
Total snails dead Kali 662 
Per cent control of all snails present 87.68 
Per cent control of all active snails o> 97.93 

The California State Department of Agriculture, Division of Chem- 
istry, may require an efficiency test of new insecticides before grant- 
ing the manufacturer a license to place the same on the market. The 
material in question is measured against a so-called standard control, 
if such is recognized. A test was recently made of a proposed snailicide 
for infestations of Helix aspersa in citrus groves, and the calcium ar- 
senate-bran bait was used as the standard of comparison. We will desig- 
nate the new material by the ficticious name, ‘“‘KO Spray.”’ 

Helix aspersa may become very abundant in citrus groves, where 
the tree and its environs serve as the ecological unit. Populations may 
reach 1,000 or more individuals per tree. The eggs are laid in the soft 
soil and leafy mulch surrounding the tree; food is procured from the 
leaves and fruit; and during the dry weather of late summer and fall 


1Basinger, A. J. The eradication campaign against the white snail (Helix pisana) 
at La Jolla, California. California State Dept. Agr. Mo. Bul. 16(2) : 51-76, 1927. 

*Of this number, 259 were sealed by epiphragms and therefore were inactive during 
the experiment. 

*Of this number, 79 were in the soil with sealed apertures and therefore were in- 
active during the experiment. 
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the snails may seal themselves to the trunk and limbs where they re- 
main inactive until favorable conditions again develop. 

To test the efficiency of KO Spray in the field, 12 plots, each 6 trees 
square, were laid out in a grove bearing a large and extensive snail in- 
festation. A check plot separated each KO Spray treatment from each 
standard treatment; thus there were 3 KO Spray, 3 standard, and 6 
check plots. The 4 center trees in each plot were used for the data, and 
the ground around these trees, prior to treatment, was cleared of leaves 
and other rubbish in order to facilitate the recovery of dead and living 
snails when the final data were taken. 

The applications were made three days after the preparation of the 
plots. KO Spray was applied as a drenching spray and the treatment 
looked spectacular as the snails squirmed and exuded foamy masses of 
greenish-yellow mucus when the spray got on their soft bodies. The 
poison bran was scattered on the ground from the bole to the periphery 
of each tree. Since these snails are active at night, unless disturbed, 
there was no immediate effect where the bait was applied. 

Fifteen days later, data were taken. All of the snails on the ground 
underneath the data trees in each plot were picked up and recorded 
as dead or alive. It was impracticable to try to count or recover all of 
the snails on the trees, so a time limit of 2 minutes for 2 men per tree 
was taken as the basis for the counting of snails on the trees. These 
snails were also recorded as dead or alive. The same two men did all 
of the counting of snails on the trees. Thus the snails on the ground 
around each tree and what two men could count in two minutes on each 
tree constituted a sample for making the comparison. 


ied , . x—y 
The per cent killed is computed by the simple formula ( nae ) 100. 


In this formula x = the per cent left alive in the untreated plots; y = 
the per cent left alive in the treated plots. 

The results were as follows: 

Plot series Total snails Per cent Per cent 
dead and alive alive killed 

Untreated. ..<:..:. eat 5,038 96.69 —-— 
KO Spray 3,908 38.84 59.83 
Standard control 5,023 6.90 92.86 

The measure of efficiency is a comparison of the per cent killed. Since 
KO Spray killed 59.83 per cent and the standard treatment killed 92.86 
per cent, the efficiency of KO Spray, irrespective of cost, is only 64.43 per 
cent that of the standard treatment. 

The value received per dollar expended is determined by the cost of 
material and application in addition to the degree of efficiency. In this 
test the cost plus application of the KO Spray treatment was 19 cents 
per tree, and the cost of the standard treatment was 4 cents per tree. 
Since the KO Spray cost 4.75 times as much as the standard, the value 
received per dollar for an application of KO Spray compared to that 

; : » , 64.4. , 
received for an application of the standard treatment was - 7A which 
7 


is 13.55 per cent. 
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THE GRAIN BUG (CHLOROCHROA SAYII STAL) 
IN MONTANA! 


With Special Reference to the Effects of Cold Weather 
By Rosert L. Patron, and G. ALLEN MAIL 


During the past four years Say’s Grain Bug (Chlorochroa say Stal) 
has become a very serious pest of wheat in the northern part of Mon- 
tana, and especially in the portion known as the triangle area which 
includes Hill, Liberty, Toole, Chouteau, and parts of Blaine, Pondera, 
Teton, and Cascade Counties. (Figure 132.) Cases of damage to wheat 
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Fic. 132.—-Map of Montana showing area involved in Say’s Plant Bug infestation 


in this area, such as reported by one farmer, in which a field of fine 
looking summer fallow wheat estimated to produce thirty bushels to 
the acre actually produced two bushels to the acre, can be multiplied 
many times. Inasmuch as this area is probably the best wheat grow- 
ing section of the State, this infestation has led to considerable concern 
regarding its cause. There is much speculation as to whether the insect 
migrated into the community four years ago or whether it has always 
been present and a succession of favorable years enabled it to build up 
to pest proportions. That it has been present in the State for many 
years is attested by collection records as far back as 1872. There are, 
however, authentic reports from other states, of migrations of this in- 
sect into previously uninfested counties. In attempting to determine 
some of the factors involved in these outbreaks, some data have been 
collected and are presented in this paper. 

1Contribution from Montana State College, Agricultural Experiment Station 
Paper No. 63, Journal Series. 
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The literature regarding Say’s Plant Bug is limited. Aside from the 
original citation and description by Stal (4), which appeared in 1872, 
the work of Caffrey and Barber (2) is the only important treatise on 
this insect. 

The Entomological Departments of all the Rocky Mountain States 
have been consulted by correspondence in connection with this study. 
The information so obtained, whilst helpful in many ways, was on the 
whole inadequate as none of the correspondents could add any signifi- 
cant data. This correspondence showed plainly just how little is really 
known about this insect even in localities where it is known to occur. 
Some of the information thus collected was, however, used to advantage 
in this discussion. 

Discussion.—An effort was made to determine whether the com- 
bined temperature and precipitation was a limiting factor in distribution 
of this insect. Climographs were prepared from U. S. Weather Bureau 
Records for districts in states where Say’s Plant Bug is known to occur, 
where it occurs in outbreak numbers, and for areas with partial or com- 
plete freedom from this insect. The study of these climographs merely 
indicates how little bearing these factors of precipitation and temper- 
ature have on the distribution of this pest. The four climographs shown 
in Figure 133 explain this statement. These climographs were compiled 
for areas of known infestation and for a period of time beginning Sep- 
tember, 1933, and ending with August, 1934. Their relative similarity 
is obvious. 

The negative information thus gained led to the abandoning of this 
method and the consideration of the hypothesis that outbreaks might 
be related to the temperatures to which the insects are exposed while 
in hibernation. In order to gather some authentic data regarding this, 
freezing point determinations were made on the insects in the labora- 
tory. 

For these determinations, insects were used which had been taken 
from the field while in hibernation and kept until required in a refriger- 
ator at a temperature of 0° Centigrade. After removal from the re- 
frigerator, they were kept cold and inactive until needed for actual de- 
terminations, by packing the container in which they were kept in ice. 

In making the determinations, the bugs were fastened with adhesive 
tape to the hot junction of a specially flattened thermocouple. They 
were held in such a position that the ventral surface of the abdomen 
came in contact with the junction of the thermocouple. The insect thus 
attached was then placed in a vial which was cooled by a coil through 
which carbon dioxide was passed from a liquid carbon dioxide bomb. 
The determinations were made by observing the rebound from the 
undercooling point, according to the method of Bachmetjew (1) using 
a sensitive D’arsonval galvanometer and a G. E. Thermocouple pyro- 
volter which is calibrated directly in degrees centigrade. 

In making determinations of a large number of insects, it was found 
that approximately two-thirds of them failed to revive when exposed 
to temperatures between 13° centigrade and 19° centigrade. Of 


the ten per cent that showed rebounds above 13° centigrade, a large 
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proportion recovered, showing that the temperature must reach at least 
13° centigrade and lower in order to have a lethal effect. In most 
places in the state where infestations occur, there is normally sufficient 
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Fic. 133. —Climographs for infested and non infested regions. A. No in- 
festation. B. Severe infestation. C. Severe infestation. D. Slight infestation. 


snow covering when extreme cold temperatures occur to afford enough 
insulation to protect the insects. (Figure 134.) Since this is the case, the 
only chance of freezing, barring unseasonable weather during the winter, 
is in the early spring after the disappearance of the snow when the tem- 
perature sometimes falls to low levels during the nights. 
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Observations made on adult bugs which were brought out of their 
dormant state of hibernation and kept under observation in life history 
cages, showed certain significant differences in the behavior of Say’s 
Plant Bug in Montana as compared with its activities in New Mexico 
where it has previously been studied. 

EXPOSED TO AIR TEMPERATURES 
WHEN AQ TEMPEQATURE 1S 25°BELOW ZERO  — (GS OF APHIDS - SCALE INSECTS 


CONDITIONS IN SNOW AND SOIL CATERPILLARS AND COCOONS OF MOTHS AND 
ARE AS GIVEN BELOW BUTTERFUES TIMBER BORING INSECTS 





WRFACE OF SHOW ON SOM SURFACE 
LEAF NOPPERS, GRAIN BUGS AND OTHER 
TEMP UNDER SINS OF SNOW FORMS THAT HIBERNATE. BENEATH 

» Ge 2 « TRASH OR LOOSE SURFACE SOIL 


TEMP AT SON SURFACE 














IGRASSHOPPER EGGS 4¢ TO! INCH 


BELOW SURFACE KILLING TEMP! ZERO” 
TEMP 6 INS. UNDER GROUND y, HIBERNATING CUTWORMS | 











DEPTH AT WHICH MONTANA 
WIREWORMS NORMALLY HIBERNATE. 
KILLING TEMP 10° ABOVE ZERO 


| POTATO BUGS 


TEMP 1 FOOT UNDER GROUND 


KILLING TEMP 19° ABOVE ZE20 
TEMP 2 FEET UNDER GROUND 


FROST UNE 32 CEGREES 


TEMP =SFEET UNDER GROUND 


TEMP 4 FEET UNDER GROUND 


HIBEQNATING WHITE GRUBS 
KILLING TEMP 20° ABOVE. ZERO 








Teme 6 FEET UNDER GROUND 


Fic. 134.—Diagram to show the degree of protection afforded 
to hibernating insects by snow covering in subzero weather. 


Early in February, about one hundred field-collected bugs were re- 
moved from the refrigerator and placed in a cage at room temperature 
(about 25° centigrade). They became very active and lived for four 
days before young wheat plants were placed in their cage, at which time 
they immediately began to feed. They showed decided positive photo- 
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tropism and could be found clustered in the bright, sunny corner of 
their cage or on the side nearest an electric light placed beside the cage 

The females showed no eggs upon dissection of their ovaries at the 
time of emerging from hibernation, and no oviposition took place for 
several weeks. In the meantime, the color changed in most individuals 
from the dark olive green of hibernation to the bright green color of 
the active bugs. As has been suggested by Knight (3) for the related 
species, Perillus bioculatus (Fab.), the color variation is probably due 
to changes in the metabolism rate which varies with temperature. 

Eleven days after the bugs had been placed in the rearing cages, 
about a dozen dipterous larvae emerged from the bodies of some of 
them and pupated. When the adults emerged, they were recognized 
as the Tachinid parasite Gymnosoma fulginosa which is an unimportant 
parasite because it does not hamper the activity of the host or alter 
its feeding propensities appreciably although the contents of the ab- 
domen are entirely destroyed. When mature, this larvae emerges through 
the anal opening of the grain bug and pupates in the ground. Often the 
host lives for several hours after the parasite has emerged. 

In all cases, oviposition took place between sixteen to twenty days 
after being brought out of hibernation. Some mating was observed at 
various times during this period but rather infrequently. For the most 
part, the eggs appeared at about the same time, and were deposited 
on the cloth covering of the rearing cage in clusters of from five to twen- 
ty-seven eggs per cluster. 


Experiments designed to show the effect of temperature upon the 
hatching time of eggs were also performed, -using eggs from clusters 
which were deposited the same day. These eggs were placed in con- 
trolled temperature cabinets, twenty eggs in each cabinet. Daily read- 
ings showed the relative humidity within the cabinets to be nearly 
constant. The results obtained check very closely with those of Caffrey 
and Barber. 


Errect oF TEMPERATURE UPON HATCHING oF Eccs 


Temperature No. of eggs No. hatched 
17°C ree aviiehaone E oe 20 0 
22°C howe sseeee peteade cvcenesé 20 20 
27°C. : _ . tab wen age 20 20 
32°C eeceeare 28 esmh Cee un oba ee ees —e 20 is 


FieLD OBSERVATIONS.—During the late winter and early spring of 
this year, three field trips were made into the infested territory by the 
Junior Author. The first trip was made in the early part of February 
and observations were made in Toole and Hill Counties. On this trip, 
it was found that collecting was unusually difficult and unfruitful when 
carried on under and around Russian thistle bordering fence rows, 
which was their supposed hibernation quarters, but that bugs could 
be picked up by hundreds in an entirely dormant state when sought 
in stubble fields. They were especially abundant under straw dumps 
of combined fields, and in the area of heaviest infestation every small 
depression in the ground under only a little straw yielded several dozens 
of bugs. Several hundreds of these insects were collected from these 
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fields and shipped to the laboratory where they emerged from hiber- 
nation as soon as they were exposed to room temperature. These showed 
a very low percentage mortality. 

During the second field trip, in the middle of March, a survey was 
made which included Hill, Liberty, Toole and parts of Pondera and 
Teton counties. From the results obtained, it appears that the infes- 
tation is the most severe in the region between Hingham and Gilford 
in the western part of Hill County and that it lessens as one travels in 
any direction from this center. This seems to indicate that the infes- 
tation is spreading from this point. However, on a trip made in April 
to the vicinity of York, in Lewis and Clark County, and about two 
hundred miles from Gilford, this insect was found in considerable num- 
bers feeding on cactus (Opuntia sp.) which was growing upon a hill 
side at least thirty miles from any cultivated crop. As well as adding 

cactus to the previously recognized list of native food plants of this 
species, this latter observation tends to refute any ideas which might 
be proposed as to the likelihood of an importation of the insect to the 
Hingham area which might have been the start of the infestation. 

During a third field trip to the northern counties in the latter part 
yf April, a mortality of about 70% was found in the field. Just a few 
weeks prior to this observation, a study of the Havre Weather Station 
records! shows four nights, March 30 and 31, and April 1 and 2, dur- 
ing which the temperatures fell to lows varying from — 13.9° centi- 
grade to — 17.8° centigrade. These temperatures were accompanied 
by no precipitation, and the previous warm weather had dissipated the 
snow covering so that the important protective factor of snow insulation 
was eliminated. 

The ratio of sexes of the dead bugs was nearly 1 to 1. The bugs that 
had successfully overwintered were very active, and showed a brilliant 
green color in contrast to the rather drab coloration characteristic of 
the hibernating forms. They had scattered over the stubble fields and 
could be found sunning themselves on fence posts, stones, and old thistle 
plants or feeding on tufts of young grass. 

Subsequent trips made to the triangle area in May and June showed 
that contrary to observations made elsewhere, the Montana grain bugs 
do not oviposit as soon as they emerge from hibernation and that the 
females are not gravid for some time after emerging. 

Oviposition in the field began during the second and third week in 
May and the first instar nymphs appeared in the early part of June. 
It was found that wherever it was available, the eggs were deposited 
on stubble in preference to Russian thistle, and especially on the under 
sides of bent or broken stubble. In fields where Russian thistle pre- 
dominated, eggs were found on it in considerable numbers, but for the 
most part wheat stubble seemed to be preferred. 

The eggs were deposited in clusters in double rows staggered so as 
to occupy the minimum area in clusters ranging from fourteen to thirty- 
five eggs per cluster. (Figure 135.) Eggs deposited on larger surfaces 

1The authors wish to acknowledge the cooperation of Mr. Frank Math of the 
Havre Station of the U. S. Weather Bureau, in securing weather data of that section. 
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do not show the double row arrangement, but are deposited in more 
or less shapeless clusters. 


Fic. 135.—Eggs of C. sayti as laid on wheat stubble. Millimeter scale shows 
relative size. 


Contro_.—After the bugs emerge from hibernation they appear 
somewhat sluggish and do not readily fly when disturbed as they are 
prone to do later in the season. At this time when they first become 
active they can be found sunning themselves on elevated plants or feed- 
ing on the first green patches of grass or weeds in the fields. Burning 
of weedy stubble fields during this period before oviposition and up 
to the time the spring brood hatches, gives excellent results. If an in- 
fested field is burned when conditions are good, when there is a brisk 
wind and the weeds are dry, almost a hundred per cent mortality re- 
sults. 

In the area infested by Say’s Plant Bug in Montana high winds are 
prevalent in the spring and some objections were raised to wholesale 
burning on account of the possibility of extensive soil blowing. Such 
objections, however, did not prevent widespread burning this spring 
throughout the infested counties and no reports have been received 
regarding any greater tendency to soil blowing than usual. The results 
of this burning campaign can be noticed in the great diminution in 
numbers of adult grain bugs in the infested area as compared with the 
three previous years, though undoubtedly some of this may be attrib- 
uted to the large hibernation mortality. This mortality, on the other 
hand, may be normal. 
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Cultivation methods such as disking, duckfooting or plowing do not 
cover the straw sufficiently to kill many bugs or destroy the eggs. Many 
egg masses were, in fact, collected from unburied stubble in fields that 
had been plowed. 

SumMARY.—In connection with this study, the literature and general 
knowledge concerning the life history and habits of Chlorochroa say 
Stal was found to be very limited. Even in states where it has occurred 
for years and has at times caused considerable damage, little is known 
about its habits. 

In making this study, the climograph method was found to be of 
little value as a method of studying the environmental relationships 
and the causes having to do with the appearance of this insect in out- 
break form because of the apparent similarity found in the climographs 
of infested regions and of those of regions free from infestation. 

By experiment it was shown that temperatures between — 13° centi- 
grade and — 19° centigrade would cause death in over two-thirds of 
the trials made in the laboratory. This figure is substantiated by the 
70% mortality found in the field after exposure of the hibernation 
quarters to temperatures varying from — 13.9° centigrade to — 17.8° 
centigrade. 

In observations made in the laboratory, it was noticed that the in- 
sects became active and fed readily soon after coming out of hiber- 
nation and that the females did not oviposit until from 16 to 20 days 
after being brought out. The eggs showed a doubling of development 
rate with a rise of ten degrees in temperature. 

Burning of infested weedy stubble fields at the proper time results 


in a great diminution in the numbers of this pest. 
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COLOR PREFERENCES OF THE HOUSE FLY, 
MUSCA DOMESTICA lL. 


By STANLEY B. FREEBORN AND LEsTER J. Berry, University of California, 
Davis, Calif. 


The idea that aluminum paint, when applied to the interior of dairy 
barns is more repellent to flies than the customary white, is increasing 
in prevalence among California dairymen. In an effort to determine 
the validity of this assumption an experiment was designed to test the 
fly repelling or attracting values of a number of the common colors. 
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As white is the color most used in dairy barns, it was selected to act 
as the check in comparison with the following twelve colors selected 
at random: Foam green (light fluorite green), Ivory (ivory yellow), 
Coral (light coral red), Orange (grenadine red), Primrose (barium yel- 
low), Canary yellow (cadmium yellow), Light blue (parula blue), 
Light gray (storm gray), Jade green (dark American green), Dark red 
(carmine), Dark blue (hortense blue), and aluminum. In the above list 
the first named color is the name under which the color was purchased, 
while the colors in the parenthesis indicate the standard names as de- 
termined by a comparison with Ridgeway’s Color Standards. 

The checkerboard method was deemed the most suitable for a com- 
parison of this type, and a panel was constructed of plywood to form 
a Square measuring 12 feet on a side. The entire surface was given two 
coats of flat white enamel as a priming coat. The board was then ruled 
into 144 squares measuring 12 inches on a side and in each one of these 
small squares another square, measuring 10% inches on a side, was 
located. Thus, although the test colors were placed only on the diagonal 
lines comparable to the dark spaces on a checkerboard, they were sepa- 
rated from their diagonally adjacent neighbors by a three inch border 
of white. 

With the large number of squares available, it was then possible to 
replicate each of the twelve colors six times throughout the board and 
yet have each color surrounded on four sides by a 10% inch square of 
white. The colors were applied to the board at random, care being taken 
that in no case were two squares of the same color located diagonally 
adjacent to each other. Care was also taken to provide that different 
replications of the same color were distributed widely with reference 
to the edges of the panel. To make the number and surfaces of the 
check white squares comparable to the colored squares, six of them were 
given an extra coat of flat white enamel. A superior grade of rapid dry- 
ing enamel was used in all cases. The completed checkerboard then con- 
sisted of 78 squares of various colors, including the six white checks, 
covered by three coats of enamel, and 66 squares covered by two coats 
of flat white enamel. 

The completed color board was erected on the ceiling of a milking 
barn at Davis, California, on June 20, 1934, and held in place by means 
of wood screws and washers. A light bank of three 100 Watt “daylight 
globes’’ was used for lighting the board at night so that the intensity 
of light falling on the colors was approximately the same on all parts of 
the panel. The board remained in place for three months and was re- 
moved on September 20, 1934. 

It is well to note here that during the summer from June to September 
the population of flies in the dairy barns in Yolo County is practically 
a pure culture of house flies, Musca domestica. There may be a very 
small percentage of stable flies, Stomoxys calcitrans, but the horn flies, 
Lyperosia irritans, are entirely absent or negligible in numbers. 

The dots of excrement or fly specks were taken as being indicative 
of the number of flies which rested more than casually on any square of 
color. During the counting of these fly specks it was apparent that 





December, '35] FREEBORN & BERRY: PREFERENCES OF HOUSE FLY 915 


the flies seemed to congregate, regardless of the color, where the sur- 
face had been roughened, such as around the screws and washers, the 
joints between the sections of plywood making the checkerboard, and 
where the enamel had become roughened. 
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Fic. 136.—The relationship of the tested colors as measured by fly preferences. 
A t value of less than 2.797 denotes odds of less than 1 to 100 and such relation- 
ships are crosshatched to indicate that the differences are not significant. 
Numbers preceding color names indicate average counts per sample. 


A hurried preliminary count of the fly specks on all of the color squares 
indicated that six observations for each color used would not be suffi- 
cient for an accurate statistical analysis, and also indicated an order 
of color preference of flies which upon the final and more accurate count 
proved to be erroneous in one case. 

It was decided that by the division of each square into four equal 
sections a sufficient number of observations could be recorded to en- 
able an accurate statistical analysis of the data to be made. Accord- 
ingly, each square was divided into four parts and a corresponding 
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tenth of each quadrant was counted. The areas counted were located 
in the corners of each quadrant and constituted the center four-tenths 
of the entire large square. These counts, made in the center, were thus 
free from any outside influences which undoubtedly affected the num- 
ber of flies alighting on or near the edges of the squares. In making 
the counts of the white color only the six squares bearing three coats 
of enamel were used. Thus, 24 samples of each color were available 
for statistical treatment. 

In the statistical analysis of the results, Fisher’s method for pairing 
of small samples was used, and his formula was applied to the differ- 
ences between each color and all other colors. In deciding whether or 
not the differences between any two colors were significant, odds of 1 
to 100 or greater were selected as the arbitrary standard of significance. 
In Fig. 136 the results of this analysis are shown by plotting each color 
against all others. The ¢ (odds) values are given in all cases and where 
the value of ¢ is such as to indicate significanee (2.797 or greater) the 
squares are blank, while those showing crosshatching indicate odds of 
less than 1 to 100 which, in this case are not considered significant. 
The figures appearing just above the names of the colors in Fig. 136 
indicate the average number of fly specks per sample for that color. 

Figure 136 brings out the interesting point that there isa sharp division 
between the pale colors at the head of the list beginning with primrose 
and including ivory, foam green, coral, and white, and the intermediary 
group which includes light blue, jade green and aluminum. A similar 
break would have occurred between this latter group of intermediate 
colors and the last four colors listed, had not orange acted as a con- 
necting link. Orange is not distinguished, apparently, by house flies 
from five other colors ranging from light blue, through jade green, alu- 
minum, canary yellow, and light gray. 

Obviously there are many variables that have not been considered 
and the results of these trials demonstrate only the facts for which they 
were undertaken to answer. 

The authors gratefully acknowledge the assistance of Dr. Paul Greg- 
ory and Prof. Wm. Regan of the Division of Animal Husbandry and 
that of James Douglas of the Division of Entomology and Parasitology. 

ConcLusion.—It is evident that house flies, when given a choice, 
will show a marked preference for one color over another, providing 
the physical surface is identical. Aluminum paint has no particular 
value as a fly repellent. 
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PROBLEMS IN THE STORAGE OF ANASTATUS SEMI- 
FLAVIDUS GAHAN, AN EGG PARASITE OF THE 
RANGE CATERPILLAR 


By O. L. BARNEs and J. C. FRANKENFELD, Division of Cereal and Forage Insects, 
Bureau of Entomology and Plant Quarantine U.S. Department of Agriculture! 


Beginning with 1930, large numbers of eggs of the range caterpillar 
(Hemileuca oliviae Ckll.) have been parasitized at the Tempe, Ariz., 
laboratory by the egg parasite, Anastatus semiflavidus Gahan, and re- 
turned to northeastern New Mexico for colonization on the infested 
cattle ranges in that district. This paper deals with experiments to find 
methods by which the parasites could be stored for several weeks, or 
even months, without serious mortality, by subjecting the immature 
stages (within the host eggs) to refrigeration at different temperatures 
for various periods of time. 

The host eggs were usually parasitized in lantern-globe cages, counted, 
and placed in small shell vials stoppered with cotton. In most of the 
experiments the eggs were exposed to the parasite for 24 hours at ap- 
proximately 75° F. 

Fairly constant low temperatures were maintained in electric re- 
frigerators of the household type. Two electric incubators and a tem- 
perature-control room were utilized to maintain temperatures suitable 
for parasite development. 

No direct attempts were made to control relative humidity as _ 
plied to the particular experiments recorded here. Readings made at 
various temperatures, from 30° to 54° F. in the different refrigerators 
at different times, showed that the relative humidity ranged from 58 
to 100 per cent; the average range, however, was much less, usually 
from 70 to 90 per cent. The average relative humidity maintained in 
the temperature-control room was approximately 70 per cent at 75°, 
ranging from 53 to 86 per cent. The relative humidity in a ventilated 
incubator at 85° kept in the temperature-control room ran several per 
cent below that of the room, but fluctuations in relative humidity were 
more pronounced outside the incubator. 


REFRIGERATION TESTS WITH THE PARASITE IN THE EGG STAGE. 
In four different years, host eggs, totalling 18,412, bearing oviposition 
punctures of the parasite, were held at 35° F. for periods ranging from 
1 week to 1 year. As the eggs were exposed in the parasite-oviposition 
cages for only 24 hours, all the parasites were in the egg stage when 
placed in refrigeration. After refrigeration, the eggs were incubated at 
80° or 85°. When parasite emergence had apparently ceased the eggs 
were dissected and a record made of any surviving parasites that had 
not emerged. The lengths of the refrigeration periods at 35° and the 
average survival percentages were as follows: 

1The writers wish to acknowledge the suggestions made during the course of the 
work and the review of the manuscript by V. L. Wildermuth, under whose super- 
vision this work was performed. 
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Survival Survival 
Per cent Per cent 

No refrigeration 69.7 3 months 33 

Ll week 54.7 4 months 00 

2 weeks 33.8 6 months 04 

3 weeks 5.6 9 months 00 

1 month 3.95 l year 00 

2 months 13 


One series, including 3,540 eggs, was run for 75 to 90 days at 38°, 42°, 
and 46° with no parasites surviving. The egg stage of the parasite seemed 
ill adapted for storage at low temperatures for extended periods, as 
even 1 to 2 weeks at 35° materially reduced survival. 

TESTS WITH THE PARASITE IN VARIOUS STAGES OF LARVAL AND PupPai 
DEVELOPMENT.—During the winter of 1930-31 host eggs punctured 
by the parasite were incubated at 80° F. for periods of from 3 to 24 
days and then held at 35° for 1 week, 2 weeks, 1 month, or 3 months, 
after which they were returned to the incubator for further develop- 
ment and emergence of the parasites. Two lots, of 100 punctured eggs 
each, were used in each test. The percentages of the host eggs in which 
the parasite survived under the various conditions are given in Tabk 
1. It will be noted that 1 or 2 weeks’ refrigeration at 35° F. apparently 
had but little, if any, effect on parasite survival when compared with 


Taste 1. PERCENTAGE OF Anastatus semiflavidus SURVIVING REFRIGERATION at 35° F 
FOLLOWING INCUBATION FOR VARIOUS PERIODS at 80° F 


Period of Percentage of punctured host eggs in which A. semiflavidus survived refrigeratior 
development at 35° P. for 
at 80° F. before No refrigeration 1 week 2 weeks 
refrigeration 
Days 
3 - J 0.44 
6 9. 81. 2 4.50 
9 -< 73. 58.5 20.00 
12 = 83. 76.! §.! $7.00 
15 79.2 76. 71. 43.00 
18 - 7 5. 5. 45.00 
21 _ 76.! 82. 59. 37.00 
24 _— 2.é 3.2 5 35.00 
Check 79.8 


check tests without refrigeration. When the period of refrigeration was 
for 1 month, however, considerable reductions in parasite survival oc- 
curred in those tests in which the incubation was for 3, 6, 21, and 24 
days, respectively, before refrigeration. In the 3 and 6 day groups, 
the parasite larvae were all immature; after 21 days of incubation many 
pupae and parasites in transition stages were present. Those eggs in 
which a very high percentage of mature or nearly mature larvae were 
present (after 9 to 18 days at 80°) when subjected to the low temper- 
ature showed the higher rates of parasite survival, and survival was 
only slightly lower than in the 2-week tests. With a refrigeration pe- 
riod of 3 months it was even more evident that the immature and re- 
cently full-fed larvae were more susceptible to low temperature than 
were the older larvae that had advanced to a relatively dormant state 
but had not begun to transform to the pupal condition. And again, as 
the period at 80° before refrigeration was lengthened beyond 18 days, 
parasite survival declined. In all cases the survival rates after refriger- 





December, '35] BARNES & FRANKENFELD: PROBLEMS IN ANASTATUS STORAGE 919 


ation for 3 months were substantially lower than for 1 month. A period 

15 to 18 days at 80° before refrigeration (allowing the major por- 
tion of the parasites to advance to the relatively dormant, mature lar- 
val state) seemed best for preconditioning the parasite for resisting 
sustained low temperature. 

Another series, similar to the foregoing, but with periods of refriger- 
ation extended to 4, 6, 9, and 12 months, was begun early in 1932. The 
developmental temperature used was 85° F., the refrigeration temper- 
ature remaining at 35°. Again, replicate lots of 100 eggs each bearing 
oviposition punctures of the parasite were used in each test. Experi- 
ments were run with developmental periods before refrigeration rang- 
ing from 3 to 24 days, at 3-day intervals; but the 21 and 24 day tests 
were excluded from consideration, owing to emergence of adult para- 
sites before completion of the respective periods at 85°. The percent- 
ages of parasite survival for the series are listed in Table 2. Allowing 
for the fact that the parasite developed more rapidly at 85° than at 


TaBLe 2. SURVIVAL OF Anastatus semiflavidus AT 35° F. FoLLowinG INCUBATION FoR VARIOUS 


Periops at 85° FP. 


Pe sriod of 
devel lopmen t Percentage of host eggs in which A. semiflavidus survived refrigeration at 35° F. after— 
at 85° P. be- No 
wre refrigera- refrig- l 2 3 l 2 3 4 6 Q 1 
tion eration week weeks weeks month months months months months months year 
Da y 


0 0 


wo 


- 74.5 
— 59.5 
(*) 
12 = 63.0 
l _ 65.0 
18 — 53.5 
Check 63.5 — 
*This test lot was discarded. 
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SO0°, the general results are similar to those in the preceding series. Re- 
gardless of the stage of parasite development (newly hatched larvae 
to pupae), refrigeration at 35° for 1 or 2 weeks had but little effect on 
survival, the percentages, with few exceptions, remaining near those 
of the check tests. With the lengthening of the refrigeration period 
there was a general decline in survival under all conditions tested, but 
comparatively high resistance to low temperature was quite evident 
in those cases where refrigeration had been preceded by incubation at 
85° for 12, 15, or 18 days, at the end of which periods large proportions 
of the parasite are present as mature larvae. Dissections indicate that 
all larvae have ingested the host egg contents after 11 days at 85°, 
that pupae appear on the tenth or eleventh day, and that 30 per cent 
of the parasites may be in the pupal stage by the fifteenth day and 51 
per cent by the eighteenth day. It-is believed that the high percent- 
ages of pupae present at 18 days makes that period of development 
less desirable than 15 days. On the other hand, a period of 15 days at 
85°, notwithstanding the presence of many pupae, permits a higher 
percentage of the parasites to develop into a condition resistant to long 
exposures at 35° than does an incubation period of 12 days at 85°. This 
resistant stage appears to be that of the mature larva some days follow- 
ing consumption of the host egg contents and before transformation 
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to the pupal stage has begun. The consistently higher parasite sur- 
vival rates of the eggs incubated for 15 days prior to refrigeration for 
the longer periods (1 to 9 months) support this view. 

The lower survival in the check tests than shown in the tests of Table 
1, and for comparable refrigeration periods in this second series of ex- 
periments, might have been caused by the different developmental 
temperature or by host eggs less suitable for parasite development. 
Host eggs deposited in different years were used in the different series. 

REFRIGERATION AT DIFFERENT TEMPERATURES.—In 1931 experi- 
ments were made with parasitized eggs held for 9 or 18 days at 80° 
and then refrigerated at approximately 35°, 38°, 42°, and 46° F., and 
only results of tests with refrigeration periods of 75 to 90 days were 
considered. It was impossible to complete the series, and the records 
secured were not for uniform periods; nevertheless, they were useful 
in indicating the direction that should be taken in later studies. With 
one exception, triplicate vials containing from 265 to 850 eggs each, 
bearing oviposition punctures of the parasite, were used in each test. 
Parasite survival increased as the refrigeration temperature was raised. 
At 42° and 46° survival was greater when the eggs had been incubated 
for 9 rather than for 18 days, at 80°. There was but little difference in 
survival rates at 42° and 46°, survival being slightly higher at 46°. 

The following year a much longer series of experiments was made in 
which refrigeration temperatures of 35° and 42° were compared. Para- 
sitized eggs were incubated at 85° for 9, 12, or 15 days before being re- 
frigerated for 1, 2, 3, 4, 6, or 9 months. Duplicate lots of 100 punctured 
eggs each were used in each test. Survival percentages were calculated 
from the number of host eggs in which parasites developed beyond 
the egg stage. Table 3 gives the comparative percentages of surviving 
parasites at the different refrigeration temperatures. The superiority 
of 42° over 35° as a storage temperature for A. semiflavidus is evident, 
as would have been anticipated following the results obtained in the 
earlier series. At 42° it is seen that when the refrigeration period is 4 
months or less a developmental period of 9 days preceding refrigeration 
is more favorable to the parasite, but with 6 and 9 months of refriger- 
ation 12 or 15 days at 85° give better results. The 12 and 15 day de- 
velopmental periods are superior to the 9-day period for all refriger- 
ation tests at 35°, 15 days being most suitable when the low temper- 
ature is maintained for 3 months or longer. At the end of 9 days at 85° 
practically all the parasite larvae were full-fed and fairly uniform in 
development, and no pupae were present, and when the refrigeration 
temperature was not too severe or too long continued, survival rates 
were high. But with a temperature of 35°, or with long exposures at 
42°, the more advanced larvae (present in eggs kept at 85° for 12 or 
15 days prior to refrigeration) showed more resistance in spite of the 
fact that pupae, less resistant to cold, were increasing in numbers. 

In mass rearing operations it was noted that host eggs exposed to 
the parasites for 2 weeks at a temperature of 75°, and continued at 75° 
for several additional days, would withstand refrigeration at 42° and 
yield a high percentage of parasites after extended periods. The junior 
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author found that development was very slow and parasite survival 
quite satisfactory when parasitized eggs were stored at 60° to 65° in 
a cellar at Raton, New Mex., during the spring of 1933. A short series 
of experiments in which developmental temperature of 75° preceding 
refrigeration was used gave promising results. 


TABLE 3. SURVIVAL OF Anastatus semiflavidus AT TEMPERATURES OF 35° AND 42° F. FoLLowinc 
INCUBATION FOR DIFFERENT Periops aT 85°. 
Period parasitized 
host e were held at 85° F. Length of refriger- Parasite survival at— 
before refrigeration ation period 35° F. 42° F. 
Months Per cent Per cent 
(1 41.10 94.50 
iz 26.30 92.70 
10.60 
0.67 
0 
0 


Ce wr 


69.50 

40.90 

13.60 

10.10 
0 


OCAekrwtr 


0 


CQeewwre 


With the above facts in mind, another group of experiments was 
begun in November 1933. The number of effectively parasitized eggs 
ranged from 250 to 470 in different tests. The eggs were exposed to 
the parasite for 3 days and then held at approximately 75° for periods 
of 15 to 60 days. (Parasite development was very slow at 75°, and very 
few, never more than 3 per cent, of the parasites had emerged at the 
end of 63 days.) After developmental periods of 15-18 to 60-63 days, 
the eggs were refrigerated at 35° or 52° for periods of 3, 6, and 9 months. 
Parasite development following refrigeration was in an incubator at 
85°. Percentages of survival under the varied conditions are listed in 
Table 4, the rate of survival being calculated from the number of para- 
sites developing beyond the egg stage. 

The main points of interest in Table 4 are the high parasite survival 
and the uniformity of survival, 91.9 to 97 per cent after 6 months at 
52° preceded by development at 75° for periods ranging from 20-23 
to 60-63 days. Survival following refrigeration at 52° for 3 or 6 months 
was practically equal except in those tests in which the eggs were kept 
for 15-18 days at 75° before refrigeration, and there the reduction for 
the longer refrigeration period was less than 9 per cent. Check tests 
with eggs held continuously at 85° for 219 days and other tests with 
eggs exposed to outdoor conditions at Tempe, Ariz., from November 
to August had parasite survival percentages of 94. and 97.8 per cent, 
respectively. In a test run continuously at 75° for more than 12 months 
parasite emergence was incomplete, the number of parasites that had 
emerged plus immature stages found alive when the sample was dis- 
sected being 92.6 per cent. Thus it is seen that parasitized eggs may 
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be kept at 75° for 20 to 63 days and then subjected to a temperature 
of 52° for 6 months, probably much longer, with comparative safety. 


Taste 4. SURVIVAL OF Anastaius semiflavidus At 35° AND 52° F. DEVELOPMENTAL TEMPERATURES: 
75° Berore REFRIGERATION, 85° ArtrER REFRIGERATION. 


Number of days 
parasitized eggs were Length of _ Survival of A. } ens at— 
held at 75° before refrigeration period 35° FP. §2° No refrigeration 
refrigeration Months Per cent Per ‘3 
- 3 0.64 94.4 
15-18... aaa : . {3 0 85.7 


94.6 


79.2 


20.80 94.5 
0 


96.7 
94.3 


95.0 
95.7 


95.7 
97.0 


88.0 


Check—held continuously at 85° FP. for 219 days. . . 94.0 


Check—under shelter outdoors, November to August, at Tempe, RES vibaie's-s i 97.8 


Check—held continuously at approximately 75° F. for over 12 months. . 92.6 
The advantage of a storage temperature higher than 35° was again 
demonstrated. Although parasite survival at 35° for 3 months was satis- 
factory under some conditiorts, the comparatively low survival after 
6 months’ refrigeration and the restricted range of parasite develop- 
ment suitable (40 to 53 days at 75°) would eliminate 35° as a desirable 
storage temperature for A. senitiebies. The data for the test at 35°, 
however, strongly support the view, mentioned previously, that the 
full-fed larvae grow more resistant to constant low temperatures as 
they grow older and remain as mature larvae at least up to a certain 
optimum condition. Previous results with developmental temperatures 
of 80° and 85° indicated that such a tendency existed. With a develop- 
mental temperature of 75° F. it is more apparent. At 75° most of the 
parasite larvae (85 per cent) were full-fed at the end of 14 days; all 
were mature after 23 days, yet parasite emergence was extremely low, 
3 per cent or less having emerged up to the sixty-third day. Referring 
to Table 4, it is noted that parasite survival at 35° increased as the de- 
velopmental period at 75° prior to refrigeration was lengthened up to 
40-43 days, remained fairly constant from 40-43 to 50-53 days, and 
declined at 60-63 days. The results are in agreement with the idea that 
the older mature larvae, those that have not reached the stage of trans- 
formation to the pupa, are the most resistant to cold storage for ex- 
tended periods. The formation of pupae and the appearance of increas- 
ing numbers of parasites in various degrees of transformation from 
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mature or semiresting larvae to pupae probably accounts for the de- 
crease in survival with a prerefrigeration period of development longer 
than 50 to 53 days. The optimum range of parasite development suit- 
able for refrigeration at 52° was much broader than at 35°, extending 
over a period of 40 days, that is, from about the twentieth to the six- 
tieth day of development at 75°. This indicates that the younger mature 
larvae, larvae in the transformation process, and pupae (all relatively 
non-resistant at 35°) are quite resistant at 52°. 

It should be explained at this point that although 75° is a very favor- 
able temperature for parasite development through the egg and larval 
stages and well suited for preconditioning the parasite for storage at 
low temperatures, it is not practicable to resume development at this 
temperature after storage, nor is it suitable for laboratory mass-rear- 
ing operations. The parasites emerge at a very slow rate at 75°, and 
the process is too extended for practical purposes. With a develop- 
mental temperature near 85°, emergence is rapid, and large numbers 
of parasites are available for use in a few days after emergence begins 

The last tests to be reported were begun in March 1934. Host eggs 
were exposed at 75° in large parasite-oviposition cages for 13 days. 
They were then placed in a room with two walled and two screened 
sides for 15 days. During this period outdoor shade temperatures ranged 
as follows: Maximum, 71° to 92°; minimum, 41° to 52° F. The para- 
sitized eggs were then placed in refrigeration at 52°, the major portion 
of the parasites within being in the mature larval condition. 

After 7 months and 7 days at 52°, a sample of eggs containing 500 
parasites was dissected. In this sample 458, or 91.6 per cent, of the para- 
sites were alive. Of the 466 larvae, 452 were alive, but only 6 out of 
34 pupae were living. Another sample of 500 eggs taken from para- 
sitized egg masses selected at random was dissected after refrigeration 
for 8 months and 17 days at 52°. Four hundred and forty-two mature 
parasite larvae, 88.4 per cent of the sample, were living. Dead parasites 
found included 1 adult male, 51 pupae, and 6 larvae. A third sample 
was removed after 7 months and 5 days at 52° and incubated at 75° to 
85° until a large percentage of the parasites had emerged. A random 
selection of 500 parasitized eggs from this lot was examined.Parasites 
had emerged from 391, or 78.2 per cent, of the eggs. One adult male, 
3 pupae, and 46 mature larvae were found alive within the host eggs. 
The emerging parasites were vigorous, lived for long periods, and per- 
formed well in the stock oviposition cages. In fact, practically all of 
the parasites used to build up the stock for mass rearing work dur- 
ing the winter of 1934-35 received this treatment, and to date (Febru- 
ary 1935) over 3,000,000 range caterpillar eggs have been parasitized 
in the laboratory cages. 

SEX OF PARASITES SURVIVING REFRIGERATION.—Both sexes have 
been well represented in the surviving parasites after exposures at vari- 
ous low temperatures for periods of different lengths. 

Utitity oF ExpeRIMENTAL ReEsuLts.—Depending largely on the 
data obtained in the laboratory, the writers have been able to obtain 
high percentages of parasitization of range caterpillar eggs, store them 
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at a favorable temperature, and transport them to the infested territory 
in such a condition that very low parasite mortality occurred. This 
has been particularly true since 1932. Methods of handling and stor- 
ing parasitized material have been successively altered and improved 
since the beginning of the project. It has been rather definitely estab- 
lished that the host eggs can be exposed at 75° in the parasite ovipo- 
sition cages for a period as long as 15 days, then placed at moderate, 
variable, outdoor temperatures for 15 days or at a constant temperature 
of 75° for 20 to 40 days, and after subsequent refrigeration at 52° for 
3, 6, or 8 months, 88 per cent or more of the parasites will survive. It 
is therefore possible to have large numbers of parasitized eggs on hand 
at any time during the spring, summer, or fall seasons when weather 
conditions are suitable for parasite development or activity in the in- 
fested territory. Incidentally, the host eggs can be stored at low tem- 
peratures for several months before parasitization, consequently facili- 
tating the adjustment of the parasite rearing, storage, and colonization 
work to the annual program of activities. 


SUMMARY 

The egg of Anastatus semiflavidus is not a suitable stage for storage 
at constant temperatures of 35°, 38°, 42°, or 46° F. for long periods. 

In general, parasite survival decreases as the period of exposure at 
constant low temperatures increases. 

The mature parasite larvae, apparently in a resting condition several 
days after consumption of the contents of the host egg, is the most re- 
sistant stage for withstanding low temperatures for long periods. 

Results of refrigeration tests at 35°, 38°, 42°, and 46° indicated that 
parasite mortality increased as the temperature was lowered. 

Mature larvae of A. semiflavidus survived a temperature of 52° for 
periods of 3, 6, or 8 months, the minimum survival rate being 88 per 
cent. 

Parasitized range caterpillar eggs should be held at approximately 
75° for 20 to 40 days (or at moderate, variable temperatures until the 
developing parasites have reached an equivalent stage of growth) be- 
fore storage at 52°. A constant temperature of 85° is quite suitable for 
parasite development following storage. 

Mass parasite-rearing operations are easily adjusted to fit the con- 
ditions necessary to secure a minimum of mortality in storage. 


RESPIRATORY VENTILATION IN THE COCKROACH IN AIR, 
IN CARBON DIOXIDE AND IN NICOTINE ATMOSPHERES ' 


By R. L. Kitcuet and W. M. Hoskins 


The use of carbon dioxide in conjunction with fumigants has received 
considerable attention in recent years. The present work was under- 
taken to study the effect of that gas upon the amount of air and of nico- 

‘Contribution from the laboratory of insect physiology_and toxicology, Division 
of Entomology and Parasitology, University of California. 
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tine vapor which an insect passes through its tracheal system during 
respiration. Since the work of Krogh (1920), studies on the respiration 
of insects have been strongly influenced by his theory that diffusion 
plays an important part in supplying the respiratory needs of insects. 
He considered that diffusion alone is sufficient for certain forms such 
as Tenebrio molitor larvae but that more active insects have need for 
mechanical ventilation also. In the simple case the latter is the result 
of respiratory contractions and expansions, chiefly of the abdomen, as 
a result of which air enters and leaves through any or all of the spir- 
acles. A modification of this occurs when the spiracles are so operated 
that air enters through certain ones and leaves by way of others with 
the result that a directed flow of air occurs through the tracheal sys- 
tem. A number of investigators have attempted to determine the path 
of such a directed flow by observing the action of the spiracles. Thus 
du Buisson (1924, 1926), who worked with representatives of the orders 
Orthoptera, Coleoptera, Hemiptera, and Hymenoptera, found that in 
most cases the abdominal spiracles were inspiratory in function and the 
thoracic were expiratory. In a similar manner Buddenbrock and Rohr 
(1923) found the thoracic spiracles of the walking stick insect, Dixippus 
morosus Br. and Redt., to close during inspiration and open during ex- 
piration, thus suggesting that they are expiratory in function. The 
method of immersing portions of the body in water and observing the lib- 
eration of bubbles from submerged spiracles has been used by Lee (1925, 
1927) with the chief families of the order Orthoptera. He found that 
the direction of ventilation was from front to rear—i. e., the thoracic 
spiracles were inspiratory and the abdominal were expiratory. 

A more conclusive method for studying the occurrence and direction 
of ventilation was used by McGovran (1931, 1932), who fastened fe- 
male grasshoppers, Chortophaga viridifasciata DeGeer, between two 
chambers in such a way that the head and thorax were in one chamber 
and the abdomen in the other. Passage of gas through the tracheal 
system was measured by changes in the volumes of air in two measur- 
ing tubes attached to the respective chambers. McGovran found an 
average of 0.22 cc. of air to pass from front to rear per gram of body 
weight per minute when the insect was kept at 28° C. 

Insect Usep AND AppARATUS.—The larger cockroaches are very suit- 
able for the study of directed ventilation by the method just mentioned, 
but no work appears to have been reported in the literature. The present 
investigation was made with nymphs and adults of the Hawaiian cock- 
roach, Nyctobora noctivaga Rehn. No obvious difference between the 
sexes was noted, but that point was not studied with care. After some 
preliminary experiments an all glass apparatus was devised which is 
considerably easier to construct and to operate than any other previ- 
ously described. As shown in Fig. 137 it consists of two chambers (A and 
B) of approximately sixty cubic centimeters in volume, each equipped 
with two stopcocks which enable them to be flushed with any desired 
gas. Calibrated tubes (C), 0.073 sq. cm. in cross-section are attached 
to millimeter scales 190 mm. long for measuring changes in volume, 
and are connected with similar equalizing tubes (D) which are open 
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to the air. A particularly handy feature is the use of rubber bulbs (F) 
at the bottom whose volume can be changed by screwclamps thus en- 
abling atmospheric pressure to be maintained within each chamber with- 
out the use of cumbersome balancing tubes. Water is used as the fluid 
but any other non-corrosive liquid could be used as desired. The other 
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Fic. 137.—Apparatus for study of rate of respiratory venti- 
lation. See text for meaning of letters. 


ends of the chambers were flared slightly and flattened so that they 
fitted against each other closely. The insects were mounted in discs (G), 
made of photographic mounting paper, in such a way that the thoracic 
and abdominal spiracles are on opposite sides. They were fastened in 
place with Koenig’s cement and the tightness of the seal was tested 
by attaching each disc with mounted insect by means of the cement 
over the flattened end of chamber A (abdominal chamber) and immers- 
ing the other end (H) of the chamber in water until a pressure of about 
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three inches of water was produced. If the water level did not rise with- 
in two minutes, the seal was considered to be tight. Chamber A with 
the disc in position was then sealed to chamber B with another portion 
of cement and was connected with its graduated tube through the ground 
glass joint at H. Rubber bands stretched over projections, such as E, 
were used to hold the two chambers together firmly and the whole ap- 
paratus was mounted by means of clamps to a strong wooden stand 
in a thermostat held at 25° C. 

NorMAL RESPIRATION IN Air.—The first experiments with the ap- 
paratus showed that the cockroach inhales air into the thoracic spiracles 
and expires it from the abdominal ones. Hence all runs in air were started 
with the water level in the right hand tube at the bottom of the gradu- 
ated scale and that in the other tube at the top of its scale. The pressure 
in both chambers was kept at one atmosphere by continuously adjust- 
ing the clamps on bulbs F so that the water levels were the same in 
the calibrated and equalizing tubes. The heights were read at intervals 
of one minute until the entire scales had been traversed. When desired 
the original water levels were restored by opening a stopcock on each 
chamber and adjusting the clamps. The runs thus could be repeated 
as many times as needed without disturbing any part of the apparatus. 

The volume of air passed through the tracheal system per unit of 
time varies with the size of the cockroaches. For convenience these 
were divided into four groups whose weights lay in the four intervals 
0.4-0.8-1.2-1.6-2.0 grams, respectively. The rate of ventilation varies 
somewhat with weight as indicated in the accompanying table which 
gives the average for each group. Extreme variation for all of the in- 
sects was from 0.029 to 0.311 cc /gm /minute. 


Taste 1. RELATION OF RATE OF TRACHEAL VENTILATION TO WEIGHT OF INSECT 
Weight in grams 0.4-0.8 0.8-1.2 1.2-1.6 1.6-2.0 
Ventilation in cc/gm/minute at 25°C and 755 mm. 
pressure..... 0.160 0.151 0.127 0.117 
Ventilation in co 
conditions. ........ ros 0.145 0.137 0.115 0.106 


The data are based upon over sixty individuals whose weights varied 
fairly uniformly over the range indicated. Whether or not there is a 
real decrease in rate of ventilation per gram as the weight increases 
is difficult to determine. With all sizes of insect, movements such as 
nodding of head or even waving of legs or antennae always cause an 
increase in rate of ventilation, and the differences shown in the table 
are at least partly due to greater activity of the younger cockroaches. 
In general, the insects were fairly quiet while in the apparatus, especially 
when the usual practice was followed of mounting them in the paper 
disc a few hours before they were used, but it was not found possible 
to measure their ventilation in a uniform resting condition, and the 
same individual sometimes varied as much as thirty per cent in suc- 
cessive runs. Hence it was necessary in these experiments, as well as 
in the runs with other atmospheres, to make many runs and use aver- 
age results. The decrease in volume of the thoracic vessel agreed closely 
with the increase in volume of the abdominal vessel which signifies 
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that the respiratory exchange—i. e., oxygen used and carbon dioxide 
produced—as very small in comparison with the directed tracheal venti- 
lation. 

To test the possibility that accidental differences in pressure on the 
two halves of the insect’s body might influence the rate of ventilation 
a run was started with the water levels at the midpoint in each cali- 
brated tube, and no equalizing of pressure was done thereafter. The in- 
sect forced air through the tracheal system at practically the same 
rate as in a previous normally conducted run, until the pressure differ- 
ence was over twenty centimeters of water, and the water levels ran 
off the scales. This is not far from the limiting pressure difference, for 
near the end of the run several short periods of reversed flow occurred. 
Other individuals behaved similarly, and it is evident that the rate of 
directed ventilation is not affected appreciably by small differences in 
pressure. 

VENTILATION IN ATMOSPHERES CONTAINING CARBON D1oxipE.—Car- 
bon dioxide and air were mixed in various ratios by running the com- 
pressed commercial product from a tank through a calibrated capillary 
flowmeter which measured the volume delivered per minute. Air was 
forced through a similar flowmeter, and the two streams were united 
and led into the chamber of the ventilation apparatus. In all tests the 
normal ventilation in air of the cockroach used was determined first. 
The insect together with the removable left-hand chamber (A) was 
then taken from the apparatus, a piece of cardboard was placed over 
the open end of chamber B, and the carbon dioxide-air mixture was 
run in through one stopcock and out through the other for several 
minutes to ensure that the original air was displaced. With the mixture 
still running in, the insect was placed in position, the rest of the ap- 
paratus put together, the stopcocks closed and a run started with the 
very minimum of delay. The result of this procedure was that the in- 
sect was placed in the desired atmosphere suddenly, and its response 
was determined at once. Runs were made with several concentrations 
of carbon dioxide, and average results are shown in Fig. 138. Volumes in 
this figure and in later tables are all measured under laboratory con- 
ditions as stated in Table 1. Each point represents the average rate of 
directed ventilation for an eight-minute period. The chambers were 
refilled with the same gas mixture as often as was necessary. 

All of the lower concentrations of carbon dioxide cause an immediate 
increase in the rate of ventilation, and the speed of the response is de- 
pendent upon the concentration. With five, ten, and fifteen per cent 
carbon dioxide the maximum rates of ventilation are approximately 
three, five, and six times the normal rate in air for the insects used. 
This maximum rate and subsequent decline are reached successively 
sooner as the concentration of carbon dioxide increases. With twenty 
and thirty per cent mixtures a tremendous initial increase in ventilation 
is followed by almost immediate decrease, particularly with the higher 
concentration. With fifty per cent mixtures very variable results were 
obtained, as illustrated by two runs which are shown in the figure. Un- 
diluted carbon dioxide causes an immediate decline in ventilation and 
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no evidence of an initial acceleration was found. In no case did a re- 
versal in the direction of ventilation occur. This is in contrast with the 
results of McGovran (1932), who found that the direction in grass- 
hoppers was reversed in nearly three quarters of his runs with fifteen 
per cent carbon dioxide. Attempts to reverse the direction of ventilation 
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Fic. 138.—Effect of carbon dioxide upon rate of 
tracheal ventilation. 


in the cockroach by exposing the abdomen to thirty per cent and to 
undiluted carbon dioxide were not successful for the resulting runs were 
no different from normal ones in air. It is possible to reverse the di- 
rection of ventilation by filling the thoracic chamber with nitrogen, and 
in several such runs the rate was approximately the same as in air. This 
subject was not studied further, but it seems clear that reversal can 
be brought about by lack of oxygen in the thoracic chamber. 

In atmospheres containing carbon dioxide the cockroach makes respir- 
atory movements of the abdomen which can be counted easily. These 
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movements cause the directed ventilation to be of a pulsating nature, 
such as has been found by previous workers for several insects. It is of 
interest to know whether the variations in rate of ventilation after in- 
creasing periods in atmospheres containing carbon dioxide are due to 
differences in the number of respiratory movements per unit of time 
or in their amplitude. The results for ten per cent carbon dioxide are 
shown in Table 2. It is apparent that both rate and amplitude of the 
respiratory movements vary, but maximum volume coincides with maxi- 
mum rate. Similar results were obtained in other concentrations of car- 
bon dioxide. 


Taste 2. NuMBER AND AMPLITUDE OF RESPIRATORY MOVEMENTS IN 10 PER CENT CARBON 
Di1oxIDE 


Time in ventilation Rate of ventilation Number of respiratory Flow due to each, 


chamber in minutes cc /gm /minute movements per minute in cc. 
: 0.680 79 0.0086 


0.0105 
0.0109 
0.0106 
0.0104 
0.0083 
0.0074 


VENTILATION IN ATMOSPHERES CONTAINING NICOTINE.—Atmospheres 
containing nicotine vapor at various concentrations were prepared by 
bubbling air through a tall bead tower in which pure nicotine solutions 
were placed with excess alkali to ensure liberation of the free alkaloid. 
The pure nicotine was prepared from a commercial ninety-five per cent 
product by extraction with ether and distillation under vacuum, ac- 
cording to the directions of Vickery and Pucker (1929). When not in 
use in the preparation of dilute solutions the pure, colorless nicotine 
was kept in stoppered bottles under nitrogen and was stored in a dark, 
cold room to prevent oxidation. The purity of the nicotine was checked 
both by its constant boiling point during distillation and by analysis 
of solutions according to the volumetric method of Kasansky (1931). 
The two methods agreed excellently. 

The method of introducing the nicotine atmospheres and of exposing 
the cockroaches was the same as with carbon dioxide. The vapor from 
nicotine solutions from 0.001 M up to 0.05 M had no apparent effect 
during the time of one run, i. e., about twenty minutes, but when a 
0.10 M solution was used a decided decrease in rate of ventilation was 
produced. This effect was very variable and in most instances ventilation 
alternated between a rapid flow and almost complete stoppage at inter- 
vals of four to eight minutes. Accordingly, it is difficult to determine 
representative values for the rate of ventilation and average values do 
not represent the true situation. A rapid initial fall is characteristic and 
is repeated by the individual insects, but after varying intervals. 

The data for two typical insects are given in Table 3. 


Taste 3. Rate oF VENTILATION AFTER VaRIoUS Periops IN APPARATUS (IN CC/GM/MIN 
Time IN MINUTES 


Atmosphere o* 3 6 9 12 15 i8 21 
Vapor from 0.1 M nicotine..... a 0.080 0.000 0.010 0.070 0.126 0.036 0.073 0.140 
b 0.179 0.080 0.036 0.044 0.085 0.100 0.326 0.045 

Vapor from 0.1 M nicotine plus 
carbon dioxide 0.081 0.441 0.495 0468 0.435 0.379 0.326 0.305 


*That is, in air. 
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The average value of the rate of ventilation for all individuals over 
the twenty-one minute period in atmospheres equilibrated with 0.1 M 
nicotine solutions is 0.058 cc/gm /minute, which is 38 per cent below 
the average of 0.094 cc /gm /minute in air. After being removed from the 
apparatus (but left in their paper discs) for one day, the insects were 
again tested in air and a rate of 0.092 cc/gm /air was found. This sig- 
nifies that the exposure to nicotine from 0.1 M solution causes no last- 
ing injury. Similar tests were made on a less extensive scale with 0.5 M 
nicotine solutions with the result that in the nicotine vapor a decrease 
in rate of ventilation of 65 per cent occurred, and on the following day 
the rate in air was reduced 74 per cent. Hence nicotine of this strength 
has a much more serious effect. 

In Table 3 the average results are given also for ventilation in at- 
mosphere containing 5 per cent carbon dioxide in addition to nicotine 
from a 0.1 M solution. The nicotine vapor concentration was reduced 
slightly by the dilution with carbon dioxide. It will be noticed that a 
very great increase in rate of ventilation occurs quickly, but that this 
is reduced somewhat during the time of the run. Apparently the effect 
of the carbon dioxide predominates, but the nicotine has an appreciable 
effect within a few minutes with the result that the steady rate which 
normally persists for nearly an hour in 5 per cent carbon dioxide (see 
Fig. 138) cannot be maintained in the mixture. The average rate for the 
whole period is 0.409 cc /gm /minute, which is an increase of about 400 
per cent over the rate in air. Next day the average rate in air is only 
0.039 cc /gm /minute. The reduction of 52 per cent indicates that in- 
jurious effects occur. Even more serious results ensue when 5 per cent 
carbon dioxide is added to the vapor from 0.5 M nicotine solution. 
Average rates of ventilation are: in air, 0.087 cc /gm /minute; in 5 per 
cent carbon dioxide plus nicotine from 0.5 M solution, 0.053 cc /gm /min- 
ute; air (next day) a very unsteady rate averaging 0.026 cc /gm /minute. 
Thus, the accelerating effect of carbon dioxide is nearly completely over- 
balanced by the depressing effect of the nicotine, although the reduction 
of 39 per cent is less than the reduction of 65 per cent which, as men- 
tioned earlier, is caused by the nicotine alone. The reduction of 70 per 
cent on the following day is comparable to the effect of nicotine alone. 
The tests with 0.5 M nicotine solutions were not carried out on an ex- 
tensive scale and should be considered only as indicative of the effects. 

Discussion AND Conc.usions.—The results of this inv estigz ation 
show that a directed tracheal ventilation from front to rear is normal 
in this species of cockroach. The influence of carbon dioxide is twofold. 
lt comprises an initial stimulus whose intensity varies directly with 
the concentration and an anesthetic effect which becomes noticeable 
after a period whose duration varies inversely with the concentration. 
With concentrations of over fifteen per cent the great initial acceleration 
of ventilation is succeeded at once by a decrease and in atmospheres 
containing 50 per cent or more of carbon dioxide the insects soon be- 
come motionless. Directed ventilation does not cease on account of open- 
ing of the spiracle but because respiratory movements stop. The an- 
esthesia occurs in undiluted carbon dioxide so quickly that the initial 
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acceleration of ventilation cannot be detected. No permanent harm re- 
sults from limited exposure to carbon dioxide, for individuals revive 
after being kept in closed bottles of carbon dioxide for an hour or longer. 

As increasing amounts of carbon dioxide were used in the ventilation 
experiments, a correspondingly lower concentration of oxygen was pres- 
ent in the atmospheres. The effects noted, however, are not due to that 
condition, for absence of oxygen in the thoracic region, as in nitrogen 
atmospheres, causes a reversed flow through the tracheal system. It 
has been reported that carbon dioxide causes the spiracles of insects 
to stand open, e. g. in the case of the cockroach, Periplaneta americana 
as reported by Hazelhoff (1927). This condition cannot hold with the 
cockroach used in the present work for the existence of directed venti- 
lation requires coordinated action of the spiracles. Observation con- 
firmed the conclusion that during active ventilation they do not stand 
open. The high pressure against which directed ventilation can occur 
is interesting with reference to the question of whether pressure is ex- 
erted upon the air in the tracheal system, e. g., to aid penetration into 
the tracheoles. Demoll (1928) reported that the May beetle expels air 
at a pressure of less than 0.5 cm. of Hg. Fraenkel (1932) found a compres- 
sion stage during respiration of the locust, Schistocerca gregaria. Wiggles- 
worth (1931) summarized recent work to the effect that there is no 
evidence of purposeful pressure existing within the tracheae. The re- 
sults with the cockroach bear out this conclusion for ordinary con- 
ditions, but also show that the ventilation system is capable of exert- 
ing a considerable pressure. This is not great enough, however, to affect 
appreciably the relative importance of diffusion and ventilation in the 
tracheoles. 

The insect’s first reaction to nicotine is to close the spiracles. They 
reopen irregularly and the situation when both nicotine and carbon di- 
oxide are present depends upon the relative concentrations. Exposure 
to nicotine for longer periods—e. g., one half hour or more—results 
in the spiracles’ standing open in some cases. With other individuals 
short periods of reversed ventilation occur. It is evident that nicotine 
seriously deranges the mechanism for spiracular control. The increase 
in toxic effects when 5 per cent carbon dioxide is used with nicotine is 
undoubtedly attributable to the larger amounts of the latter which 
pass through the tracheal system. The results of McGovran (1932), 
who found high concentrations of nicotine vapor to increase the rate 
of directed ventilation in grasshoppers, indicate a difference in the re- 
actions of the two insects. 

The amount of nicotine which was taken into the tracheal system 
of the cockroaches was determined in several cases. The volatility of 
nicotine from 0.1 M solutions containing excess alkali was found by 
drawing a large volume of air through the solution and then through 
dilute sulfuric acid to absorb the volatilized nicotine. It was then de- 
termined by the method of Kasansky (1931). The concentration of 
the original nicotine solution was not changed appreciably during the 
process of volatilization. Assuming the perfect gas laws to hold, the par- 
tial pressure of nicotine from alkaline 0.1 M solution at 25° C is calcu- 
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lated to be 0.42 x 10-* mm. of mercury or 0.55 x 10~* atmospheres. No 
precisely comparable data appear to be available, but the order of 
magnitude is what would be expected from the results of Harlan and 
Nixon (1928) with nicotine dusts and of Bliss (1934) with nicotine so- 
lutions. It may be calculated readily that in the sixty cubic centimeter 
volume of the thoracic chamber of the apparatus there were 2.2 x 10 
milligrams of nicotine to which the insects were exposed during one 
run. In the 1.4 cc. (approximately) which passed through the tracheal 
system during a run there were 0.053 x 10~ milligrams of nicotine. It 
is not known how much of this was absorbed by the insects, but assum- 
ing that all was taken up this constitutes a dosage for an average insect 
weighing one gram of 0.005 mg. nicotine per kilogram of insect. Ap- 
proximately five times this dosage produces disturbance in man when 
taken by mouth (Sollman, 1932) so it appears that the cockroach is 
comparatively sensitive to nicotine. 

It is a pleasure to acknowledge the generous assistance given by Dr. 
R. Craig of this Division and by Dr. S. F. Cook of the Physiology Depart- 
ment in interpreting the experimental results of this investigation. 
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A DISCUSSION OF VARIOUS OILS IN SPRAY COMBINATIONS 
WITH LEAD ARSENATE, CRYOLITE AND BARIUM 
FLUOSILICATE 
By C. O. Perstnc (Graduate Student), University of California Citrus Expert- 
ment Station, Riverside, Calif. 

For many years oil has been recognized by numerous investigators as 
an important adjuvant for spray combinations of arsenical and fluorine 
stomach poisons. Hood (3)', in his work on the gypsy moth, Porthetrta 
dispar Linn., stressed the need for an adhesive with lead arsenate to 


‘Italic numbers in parenthesis refer to literature cited. 
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effect a heavy deposit that would resist weathering. He used various 
animal and vegetable oils to accomplish this purpose and found that 
linseed oil, corn oil, and fish oils were the most efficient. He recommended 
the use of fish oils in combination with lead arsenate spray mixture for 
the control of this insect. Hood stated that ‘‘the lead arsenate takes up 
a definite quantity of fish oil and no more’’. 

Spuler (6) was among the first to use fish oil in conjunction with lead 
arsenate for control of the codling moth, Carpocapsa pomonella (Linn.). 
He reported that fish oils greatly increased the efficiency of lead ar- 
senate spray treatments by virtue of the actual increase in the deposit 
of lead arsenate over the non-oil combinations. 

Porter and Sazama (5) in 1928 reported a new method of mixing 
fish oil and lead arsenate by forming a paste of the oil and lead arsenate 
with a small amount of water and forcing this mixture through the 
pump several times before adding the remainder of the water to the 
tank. Similar mixtures of fish oils with sodium fluoaluminate (cryolite), 
potassium fluosilicate and barium fluosilicate were prepared by this 
method. However these materials formed a flocculent mixture which 
caused some difficulty in the spray rig. 

Straight mineral oil and mineral-oil emulsions have been used exten- 
sively with lead arsenate and many fluorine compounds, with variable 
results. Some investigators have concluded that the use of these types 
of oils with lead arsenate and certain fluorine compounds has not in- 
creased their larvacidal value sufficiently to warrant their extra expense. 
At any rate, it is usually recognized that certain animal and vegetable 
oils are superior to straight mineral oil as adhesives for arsenical and 
fluorine insecticides. 

In 1933 the writer made a brief study of the effect of various oils on 
the deposit of standard lead arsenate on apple surfaces. It was found 
that in general fish oils and vegetable oils were far more effective in 
depositing larger amounts of lead arsenate than were the straight highly- 
refined mineral oils. An explanation for this was sought. 

Microscopic examinations were made of mixtures of these oils with 
lead arsenate. It was observed that in combinations using fish oils and 
several vegetable oils there was a very intimate association existing 
between the oil and the lead arsenate particles; in fact, some of the par- 
ticles were completely dispersed in the oil phase of the system. On the 
other hand, when straight mineral oils were used, the particles of lead 
arsenate were collected at the interfacial boundary between the oil and 
water and were completely wetted by the aqueous phase, except possibly 
at the point of contact with the oil globule. 

A great difference in chemical composition exists between animal oils 
and vegetable oils in comparison with straight highly-refined mineral 
oils. The highly-refined mineral oils used in sprays are composed chiefly 
of saturated straight chained hydrocarbons, whereas fish oils and 
vegetable oils contain relatively large amounts of compounds with polar 
radicals. Since it is a well-established fact that polar radicals increase the 
wetting power of oils, certain experiments relating to this matter were 
conducted. Polar radicals were introduced into straight mineral oils by 
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the addition of small quantities of stearic, palmitic, and oleic acids. 
It was found that these additions increased the wetting power of the oil 
to such an extent that they afforded lead arsenate deposits comparable 
with the fish oils and vegetable oils. 

From these observations it was concluded that the wetting property 
of an oil is probably the most important single factor that determines 
its efficiency in deposition and subsequent adhesion of lead arsenate. 

Extensive insectary tests were conducted with newly hatched codling 
moth larvae on apples, using straight mineral oils and mineral oil-oleic 
acid combinations. Oils that contained from 1 to 10 per cent of oleic 
acid by volume were greatly superior to straight mineral oils in the 
amount of lead arsenate deposited as was determined by toxicity to 
codling moth larvae and by arsenical analysis of the residue on sprayed 
fruit. 

In 1934 toxicity tests were conducted in the laboratory of the Univer- 
sity of California Citrus Experiment Station with newly hatched codling 
moth larvae on walnuts. The nuts were sprayed for 6 seconds by a 
laboratory precision sprayer, using 350 pounds pressure. During the 
application the nuts were revolved once by a small rotary table. The 
sprayed walnuts were placed:in an air-conditioned insectary where they 
were artificially infested. Examinations were made after 7 days and the 
per cent survival at that time was taken as the index to toxicity of the 
lead arsenate deposited. Arsenical analyses were also made of the residue 
on the sprayed nuts. Various oils and other adhesives were used in these 
studies. Based on the amount of lead arsenate deposited and resulting 
toxicity to the larvae, kerosene containing 10 per cent of oleic acid, by 
volume, was found to be the most effective material of those tested. 
Best results were obtained when the lead arsenate was soaked in the 
kerosene before adding it to the tank. However, in order to prevent the 
mixture from clinging to the sides of the tank, it was found necessary 
to add a small amount of blood albumin to the water before adding the 
kerosene and lead arsenate. 

In the summer and fall of 1934, there arose a need for a combined 
treatment for the black scale, Satssetia oleae (Bern.), and for the orange 
worms, Argyrotaenia citrana (Fern.) and Holcocera iceryaeella Riley, in 
many citrus groves of southern California. Cryolite, both natural and 
synthetic, and barium fluosilicate were combined with various types of 
oil emulsions to control these insects. 


mayonnaise type emulsion, the so-called “‘emulsive oils’”’ and the tank- 
mixture method. The paste type emulsion is a proprietary product 
which contains approximately 15 to 20 per cent water. Caseinate com- 
pounds are the common emulsifiers used’ for this type. The so-called 
emulsive oil employs an oil-soluble emulsifier, such as glycerol oleate, 
triethanolamine oleate and others. They usually contain approximately 
98 per cent straight mineral oil and, with few exceptions, are clear or 
semi-clear. The tank-mixture method employs a highly refined straight 
mineral oil which is emulsified in the tank with a small amount of 
powdered blood albumin 
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In the field these various types of oils reacted quite differently when 
used with either cryolite or barium fluosilicate’. Severe flocculation 
occurred with certain of these combinations while with others fairly 
homogeneous mixtures were formed. Some combinations exhibited 
excellent wetting and spreading properties, while with others there was 
considerable beading of the spray mixture on the fruit and leaves. With 
some oils the deposit of either cryolite or barium fluosilicate was so 
heavy that the trees appeared white, while with other oils very little 
visible deposit was noted. 

In view of the fact that such variable results were obtained in the 
field, a study of the physical properties of spray mixtures composed of 
these oils in combination with both cryolite and barium fluosilicate was 
made in the laboratory. 

A thorough search of entomological literature revealed very little 
regarding the nature of a fundamental consideration of the physical 
relationships existing between powdered stomach poisons and mineral 
oils in spray mixtures. 

Marshal, Eide and Priest (4), in particular, and others in the Pacific 
Northwest have conducted extensive experiments on various combina- 
tions of mineral oils with oleic acid, soaps, and other emulsifiers in 
conjunction with lead arsenate spray mixtures. They recorded a wide 
difference in the performance of straight mineral oil emulsions when 
emulsified with ammonium caseinate as compared with emulsions with 
triethanolamine oleate. They also distinguished between two types of 
lead arsenate flocculation produced ; one was desirable and the other was 
not. From our investigations on similar combinations, it appears that 
these differences in the behavior and lead arsenate depositing qualities 
of the two emulsions is undoubtedly due to the wetting properties of 
the oil. It is logical to believe that the ammonium caseinate, being 
practically insoluble in oil, exerts very little effect upon the physical 
nature of the oil itself. On the other hand, triethanolamine oleate, 
being completely soluble in oil and polar, greatly increases the wetting 
properties of the oil. With the latter type of emulsion, some of the lead 
arsenate particles are at least partially in the oil phase, which probably 
causes the “particular type of floc’ which Marshal, Eide and Priest (4) 
found to be necessary. When this combination is sprayed onto the tree, 
the oil that is deposited clings to the lead arsenate particles, thereby 
preventing run-off of the lead arsenate. With this combination there 
is a tremendous “build-up” resulting from an overspray and the run-off 
is practically clear water. This build-up is due to an increase in the 
primary deposit, which is that deposit resulting from actual contact of 
the lead arsenate particles with the substrate as the spray hits the 
surface. There is practically no limit to the deposit that can be built up 
from a spray combination of this nature. However, in the case of the 
ammonium caseinate emulsion, the lead arsenate is completely in the 
water phase. A build-up of oil can be obtained from this mixture by an 
overspray but the lead arsenate particles being in the aqueous phase 


*Boyce, A. M. Unpublished data on file at the Citrus Experiment Station, River- 
side, California. 
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run off with the water. The secondary deposit is the important one in 
this type and reaches a maximum beyond which point it will not be 
increased by overspraying. The secondary deposit consists of the lead 
arsenate which is suspended in the spray liquid and is retained on the 
surface as this liquid evaporates. 

All of the oils that were being used with cryolite and barium fluosili- 
cate in the field were studied in the laboratory, using a small Hardie 
spray rig to agitate and apply the spray mixtures’. Observations were 
made on such points as flocculation in the tank, spreading, wetting and 
visible deposit on both green and ripe oranges. Ripe apples were sprayed 
with cryolite (synthetic) in combination with all of these oils. Insectary 
tests were conducted on these sprayed fruits, using newly hatched 
codling moth larvae. 

From this work the following points were clearly demonstrated : 

1. There was a great difference in the behavior of the various types of 
mineral oil emulsions with the fluorine compounds used. 

2. Some of the oils possessed very great wetting power as was evi- 
denced by the fact that the particles of these fluorine compounds were 
centralized in the oil phase of the emulsion, which point was determined 
microscopically. 

3. In all cases where the cryolite or barium fluosilicate remained in 
the oil phase, there was a very heavy visible deposit, excellent spreading 
and wetting, and relatively high toxicity to codling moth larvae on 
ripe apples. 

4. In general the so-called emulsive oils were much more efficient in 
spreading and depositing cryolite or barium fluosilicate than were the 
other types of emulsions that were used. 

5. With certain of the emulsive oils, better results were obtained by 
thoroughly mixing the cryolite or barium fluosilicate in a thin paste 
before adding to the tank. 

The behavior of some of the so-called emulsive oils was particularly 
interesting since they contained certain oil-soluble emulsifiers which 
greatly increased their wetting power. There were two brands of these 
emulsive oils in particular that when added to an aqueous suspension 
of cryolite possessed such great wetting power that the cryolite particles 
passed from the water phase into the oil phase with moderate agitation. 

The investigation led to the general practice of wetting the cryolite 
or barium fluosilicate with the oil before adding to the tank. This prac- 
tice became popularly termed ‘“‘putting the cryolite or barium fluosili- 
cate in the oil phase’. This procedure is not only recommended in 
combination treatments but also in single applications for orange worms 
(1) to increase the deposit and subsequent adherence of cryolite or 
barium fluosilicate. 

However, this practice of wetting the cryolite or barium fluosilicate 
with any oil does not insure a good deposit unless the wetting power 
of the particular oil is relatively high. In the case of several emulsive 
oils, tank mix oils and all paste-type emulsions used, the wetting power 


‘Chas. Snow codperated in the preliminary work on this phase of the problem. 
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was rather low. Even though the fluorine compounds were wetted with 
these oils before being added to the water, the solid particles eventually 
became completely dispersed in the water phase, which resulted in an 
inferior deposit of cryolite or barium fluosilicate. 

“When two immiscible liquids are brought into contact with a solid, 
it usually happens that one of the liquids wets the surface of the solid 
to the exclusion of the other liquid”’ (2). This phenomenon is known as 
“preferential wetting’ and is encountered in many industrial processes, 
such as the flotation of ores and in making white lead by the Dutch 
process. It appears that this phenomenon occurs in oil combinations 
with lead arsenate, cryolite, barium fluosilicate and other relatively 
insoluble solid insecticides. The oil and water represent the two immis- 
cible liquids and the particles of these insecticides are the solids. Inas- 
much as the insecticide particles are usually collected at the oil-water 
boundary in an emulsion, there appears to be ample opportunity for 
preferential wetting to occur. If this is granted, the particles will even- 
tually become wetted by either the oil or the water and this preference 
will determine in which phase they will eventually be contained. The 
most important factors affecting this orientation are the coefficient of 
wetting between the solids and the water, and the coefficient of wetting 
between the solids and the oil. Inasmuch as the wetting power of the 
water is fairly constant, and similar solids were used, it is evident that 
the wetting power of the oil is the only significant variable. 

A simple qualitative method was adopted from the procedure of 
Davis and Curtis (2) to compare the preferential wetting of these 
various oils with water, using natural cryolite (product from two 
different sources), synthetic cryolite and barium fluosilicate. 

Four grams of each fluorine compound studied were placed in a small 
glass mortar. Five cubic centimeters of the oil were then added and the 
two were thoroughly mixed with a pestle, forming a thin paste. Water 
was added to this mixture drop by drop, with vigorous stirring between 
each addition. If the material is preferentially wet by the oil, very 
little water can be stirred into the mixture. However, if the material 
is preferentially wet by the water, relatively large amounts of water 
can be worked into the system, which eventually breaks into a cheesy 
mass with the liberation of large quantities of free oil. This test was 
applied to the several fluorine compounds studied, using various mineral, 
animal and vegetable oils. The most important features of the data 
obtained are presented in Table 1. 

The data in Table 1 demonstrate the phenomenon of preferential 
wetting with regard to the fluorine compounds studied. It is opined that 
all solids will eventually go into the phase of an emulsion by which they 
are preferentially wetted. This will occur if the solids come into contact 
with both liquids, regardless of the liquid by which they are initially 
wetted. 

In order to obtain data regarding this theory, the following tests were 
conducted. To insure contact of all particles with both phases of the 
emulsions studied, an apparatus was constructed consisting of a 1- 
liter cylindrical glass container equipped with an electrically driven 
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agitator. This agitator was regulated to rotate at a constant rate of 
7,000 revolutions per minute. Each mixture tested was composed of 
500 cc of water, 2 grams of the particular fluorine compound, and 5 cc 
of the particular oil being studied. 


PaBLeE 1. RESULTS OF QUALITATIVE PREFERENTIAL WetTTING Tests Witn SeverRAL FLUORINE 
CoMPOUNDS AND VARIOUS Types oF OILS 
Materials used 
Fluorine compounds 
Natural cryolite Natural cryolite Synthetic Barium 
No. 1 No. 2 cryolite fluosilicate 

‘‘Emulsive” No. - OP! OP P OP 
“Emulsive” No. : iva OP OP OP 
“Emulsive” No.3..... ‘<a OP OP OP 
“Emulsive” No. ee OP slight OP slight wr 
“Emulsive” No. iow aka OP slight OP slight 
“Emulsive” No. i OP slight OP slight 
“Emulsive” No.7 ore OP slight OP slight 
Mineral oil* (straight). ss WP WP 
Fish oil (Menhaden). PS OP slight OP slight 
Linseed oil ~ ad ; : WP slight WP slight 
Cottonseed oil. WP slight WP slight 

1OP = Definite al gesdesenes. 

“WP = Definite water preference. 

90 per cent unsulfonatable residue; distillation range 10 per cent at 587° F, 50 per cent at 632° F, 
90 per cent at 702° F. 


= 
e-) 


4===== 
Mou U UY 


Three methods were used in mixing the materials: 1. The oil and 
fluorine compound were stirred together and added to the water. 2. 
The oil was agitated with the water, forming an emulsion and the 
fluorine compound was added last. 3. A suspension was formed with the 
fluorine compound in the water and the oil was added last. These 
combinations were agitated for one-minute intervals and microscopic 
examinations were made after each interval. 

It was conclusively shown from these tests that after five minutes 
of agitation all of the materials were finally contained in the phase by 
which they were preferentially wetted. This experiment further demon- 
strates the fundamental principle of preferential wetting in relation to 
these insecticidal mixtures. However, in actual practice, it is advisable 
to wet cryolite or barium fluosilicate with the oil before adding to the 
tank. This is due to the fact that several so-called emulsive oils possess 
sufficiently high wetting properties to hold the particles in the oil phase 
with ordinary field sprayer agitation but do not possess adequate 
wetting power to cause the particles to pass from the aqueous phase 
into the oil. 
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FURTHER OBSERVATIONS ON THE ATTRACTIVENESS OF 
ESTERS OF THE ETHYL ACETATE SERIES TO THE 
CODLING MOTH 


By J. R. Ever, New Mexico Agricultural Experiment Station 


The attractiveness of fermenting sugar and vinegar baits to the adults 
of the Codling moth and Oriental fruit moth is a matter of common 
knowledge among entomologists. Our knowledge of the comparative 
attraction values of the various constituents of such mixtures, however, 
is exceedingly meagre, and the problem of why certain dilutions and 
combinations are more attractive than others is still unsolved. 

Frost (1926) analyzed the fermenting molasses bait which he was 
using for trapping the Oriental fruit moth, and concluded that although 
the initial attractiveness was, probably due to alcohols, they can not be 
considered the only attractive agent. Acetic acid was considered second 
in importance of the attraction factors, and the period of gas formation 
was observed to be correlated with the period of maximum catch. In 
1930 and 1931 the author made similar analyses of fermenting cane 
syrup and malt syrup baits used to attract the Codling moth. The 
conclusions reached were that the attractiveness of these baits was 
greatest during their period of alcohol and gas formation, and that the 
esters which attend the formation of these materials were probably more 
attractive than the end products themselves. Acetic acid, one of these 
products, was distinctly repellent at high concentrations. 

Furthermore, it was observed that the period of attractiveness of 
fermenting cane syrup baits could be prolonged by the addition of low 
concentrations of a mild preservative like Sodium benzoate, which 
retarded fermentation, but did not entirely kill the natural flora of 
bacteria and yeasts. 

From a study of the hydrogen ion concentration of such fermenting 
mixtures, it was found that fermentation proceeded at pH values of 
4.5-5.0 or in a slightly acid medium. When cane sugar hydrolyzes in 
such a medium, glucose and levulose are formed, and the former in its 
aldehyde form is quite reactive. With further decomposition, the forma- 
tion of alcohol and acids proceeds simultaneously, accompanied by the 
formation of a series of “‘fruity’’ esters which are largely derivatives of 
monobasic acids. Recent tests of about 80 of these various esters pro- 
duced by the hydrolysis of sucrose and its decomposition products has 
revealed two, which by experimentation have proved most attractive 
to the Codling moth, i.e., Ethyl-oxy-hydrate (commercial rum ether) 
and Iso-butyl-Phenyl-acetate. 





December, '35] EYER: ESTERS, ETHYL ACETATE, CODLING MOTH 941 


Ethyl-oxy-hydrate is formed either by the hydrolysis of sugar or 
vinegar, and ethyl alcohol, ethyl acetate, and formaldehyde are atten- 
dant products. Its attractiveness may be partially due to some of these 
other products, as it is difficult to secure in pure form. Iso-butyl- 
Phenyl-acetate results from the hydrolysis of acetic acid or vinegar, 
and its attractiveness is apparently due both to its being an Iso com- 
pound, and to its possessing a benzene ring. As has already been noted 
by Cook (1926), the attractiveness of these compounds is somewhat 
related to their boiling points. In the series tested Iso-butyl-Phenyl- 
acetate has a boiling point of 130 at 20° C., that of geranyl formate is 161 
and of diphenyl oxide 287. 

Comparisons of the sex attractiveness of the two most attractive esters 
mentioned with fermenting cane and malt syrup resulted as follows: 
With Iso-butyl-Phenyl-acetate the catch consisted of 60% males and 
10% females, and with Ethyl-oxy-hydrate the same. These ratios were 
quite similar to the cane syrup tests, where the sex ratio was found 
to be 56% males and 44% females, and differed only slightly from malt 
syrup with a sex ratio of 49% males to 51% females. This indicates that 
both the esters as well as the fermenting sugars are food and not sex 
attrahents. 

In all field tests of esters and syrup baits, variations have been ob- 
served due to position in the orchard and in individual trees. To ascer- 
tain whether these differences in catch were attributable to the attrac- 
tiveness of the materials themselves, or due merely to fortuitous cir- 
cumstances, two systems of rotation were adopted involving the chang- 
ing of four baits each day in individual trees, or the changing of four 
baits daily among four separate trees. The formula developed by 
Ripley and Hepburn (1929) for comparing fruit fly attrahents was used 
to analyze the data. It was found that in the case of the esters the attrac- 
tiveness due to bait composition was from 2-3 times as significant as the 
position in the tree or orchard, and in the syrup baits from 16-18 times 
as significant. 

To further compare the attractiveness of these esters and cane syrup 
bait, a simple four way olfactometer was used in the laboratory. The 
baits were rotated clockwise at 24 hour intervals through the four 
positions, and counter-clockwise for the next period. In these tests the 
two esters, i.e., Ethyl-oxy-hydrate and Iso-butyl-Phenyl-acetate main- 
tained their relative position in the series, but exceeded cane syrup, due 
possibly to its failure to ferment readily under confined conditions. 

In conclusion, the experiments thus far indicate that fermenting sugar 
and vinegar baits are attractive to the Codling moth through their 
formation of certain fruity esters, somewhat similar in their general 
nature to Ethyl acetate. The latter are derivatives of monobasic sugar 
acids, and occur both in fermenting sugar solutions and free in nature 
in the essential oils of the fruits, flowers, and foliage of living plants. Of 
the many representatives of this group tested, Iso-butyl-Phenyl-acetate 
and Ethyl-oxy-hydrate are most consistent in their attraction of the 
Codling moth in Southern New Mexico. 
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FACTORS CONCERNED IN THE DEPOSIT OF SPRAYS 


I. THE EFFECT OF DIFFERENT CONCENTRATIONS OF 
WETTING AGENTS' 


By G. S. HENSILL and W. M. HoskINs 


Insecticidal sprays have been examined in many ways which have 
ranged from such simple tests as the determination of the poisonous 
substances present to studies of their effectiveness in controlling insect 
pests under various conditions. The biological factors which enter in 
the latter case render an already complex situation more confusing 
and make it all but impossible to determine just what is important and 
what is only incidental. On the other hand chemical tests and measure- 
ment of physical properties such as surface tension of spray liquids, 
angle of contact of oil on a leaf surface, etc., are of little value by them- 
selves. A considerable literature has arisen which shows the difficulty 
of trying to correlate such measurements with toxicity data. A compro- 
mise between these two viewpoints is the study of the quantity and 
nature of deposits of insecticides as they are affected by variations in 
spray liquids and surfaces. The fundamental purpose in the use of most 
insecticidal sprays is to place a poisonous material upon some kind of 
a surface and the effectiveness is dependent upon how well this is done 
In this and following papers an account will be given of work intended 
to show how deposit 1s affected by a number of controllable properties 
of the spray liquid and of the surface which is sprayed. 

It has been recognized for a long time that the varying resistance to 
wetting shown by the surface of insects and of the different parts of 
plants has an effect upon the amount of deposit. Many workers seem 
to have held the opinion that a film must be formed in order to obtain 
a deposit. Hence great interest has been shown in substances which 
bring this about. A considerable number of terms have come into use 
which have not always been used in a consistent manner. In further 
discussions the following meanings will be understood for the respective 
terms. An emulsifying agent is any substance which aids in the produc- 
tion or increases the stability of a dispersion of one liquid within another 
This includes organic compounds such as proteins which have this 

‘Contribution from the Laboratory of Insect Physiology and Toxicology, Division 
of Entomology and Parasitology, College of Agriculture, University of California 
Berkeley, California. 
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property largely because they take up a great amount of water but it 
also includes certain inorganic salts which protect emulsions by impart- 
ing an electrostatic charge to the droplets. A similar meaning is attached 
to the term deflocculating agent which facilitates the formation or in- 
creases the stability of a dispersion of a solid within a liquid. A wetting 
agent is any substance which increases the readiness with which a liquid 
makes real contact with a solid—i.e., wets it, if necessary by displacing 
a previous contaminant on the solid. A spreader is a material which in- 
creases the area that a given volume of liquid will cover on a solid or 
another liquid. The two principal cases concerned in sprays have to 
do with spreading water or aqueous solutions and with spreading oils and 
other liquids not soluble in water. The natures of the spreaders for these 
two purposes are often quite different. A sticker increases the firmness of 
attachment of finely divided material to a solid surface and is usually 
used with suspensions of solid insecticides. However, one may be used 
with dusts and even with emulsified spray materials. During the applica- 
tion of a spray, a sticker performs much the same function for the dis- 
persed insecticide as a wetter does for the water, but its action may 
persist and have an effect on the period that the insecticide remains 
upon the solid. While the terms defined above overlap but little, actual 
materials used for any one purpose usually have properties that qualify 
them under several of the definitions. Thus blood albumin is a fairly 
efficient emulsifying agent for oils, a good deflocculating agent for lead 
arsenate, a wetting agent on many surfaces, and a spreader for oil. It 
also probably has a weak action as a sticker for solid insecticides. 

To illustrate further the meaning of the terms defined above the se- 
quence of events when an oil spray is applied to a leaf may be described 
as follows: Agitation of water, oil, and emulsifying agent in the tank 
produces an emulsion, and part of the emulsifying agent becomes located 
in the interface between the two liquids. The exact arrangement depends 
upon what is used and to a certain extent upon its concentration. Stable 
and unstable emulsions differ mainly in the completeness with which the 
oil-water interface is filled with emulsifying agent and in the resistance 
to rupture which the shell of this material offers. Upon leaving the 
nozzle the spray is more or less completely broken up into small drops. 
Whether oil and water become separated apparently has not been ascer- 
tained, but it is likely when the drops are rather large, as in a driving 
spray, that the emulsion is changed but little, and water is still the 
continuous phase and surrounds the droplets of oil. Hence, when the 
spray strikes the surface of the leaf, water makes contact first. A wetting 
agent orients itself upon the solid surface and forms a transition layer 
between the leaf and the water. As was first clearly stated by Moore 
(1921) the necessary properties of a wetting agent are that its molecule 
contains a group which has an affinity for water and another which has 
an affinity for the surface. He classified a number of wetting agents 
into two groups according to whether they wet leaves covered with wax 
or with cutin. Spreading of water is sometimes of minor importance, for 
spray is applied usually to the entire surface and each portion is covered 
completely while spray is striking it. But if it is necessary for spray to 
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penetrate among hairs on a leaf or on an animal or between tightly 
folded petals, etc., spreading power is, of course, very important. 
Usually, however, the important point is whether a film is formed dur- 
ing application of the spray and 1s retained after spraying ceases. This 
depends upon a number of factors, the most important of which is 
probably the speed with which the wetting agent collects and orients 
itself upon the surface of the solid. In case the spray is an oil emulsion, 
droplets of the oil come into contact with the solid and, depending upon 
the ease with which the film of emulsifying agent is ruptured, the oil 
from ruptured droplets comes into contact with the solid. Hence 
during spraying the solid surface is altered by an increasing amount of 
oil which may or may not spread into a film depending on the nature 
of the surface and upon whether a spreader for the oil is present. 

Various workers are not in agreement as to how the wetting power of 
spray liquids should be measured. It was realized long ago that, from the 
standpoint of the energy involved, a liquid should form a film over a 
solid if the surface energy of the latter exceeds the sum of the surface 
energy of the liquid plus the energy of the interface between them. This 


is written usually in terms of the corresponding tensions as: ys = ¥!1 


+ yls. Each of these quantities has been regarded by various workers 
as most important and considerable use has been made—e.g., by Wil- 
coxon and Hartzell (1931)—of a derived quantity, the spreading co- 
efficient as defined by Harkins and Feldman (1922). This may be used 
in the form involving the angle of contact as in the work of Stellwaag 
(1924) and English (1928). Osterhof and Bartell (1930) have advocated 
adhesional tension (a.t. = ys + yl — yls) as the best measure of the 
wetting ability of a given liquid for a given solid. Cooper and Nuttall 
(1915) and Robinson (1925) regarded dissolving power of the liquid for 
material lying at the surface of the solid as very important. The time 
necessary to form a film has been found by Hamilton (1930) to be pro- 
portional to the surface tension of the spray liquid. Woodman (1924) 
regarded viscosity of the liquid as determining the amount of liquid 
that would adhere to a solid, provided the liquid surface tension was 
below a critical value. The very numerous investigations following the 
early work of Langmuir (1917) and of Harkins (1928) on the production 
of layers of material one molecule thick are not immediately applicable 
to the problem of spray deposit since such thin layers cannot have 
appreciable insecticidal effects. 

While a great amount of work has been done on the subject of film 
formation during spraying, few experimenters seem to have given con- 
sideration to how this affects deposit. Hamilton (1930) thought that 
when wetting was brought about with difficulty a thicker film was 
eventually formed and hence more insecticide was left upon the surface 
when the water evaporated. Woodman’s (1924) idea was analogous to 
this. Knight and Cleveland (1934) found that the addition of certain 
glycerides to spray oil caused it to spread to a very thin film upon the 
surface of water and argued that this indicated that a very thin film 
of oil would be formed upon a solid sprayed with an emulsion which con- 
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tained a glyceride, and hence less oil would be deposited. de Ong, Knight, 
and Chamberlin (1927) studied the stability of spray emulsions and 
found that ease of rupture of the shell of emulsifying agent affected 
deposit. Smith (1932) used this idea in his theory that primary deposit 
occurs due to rupture of oil droplets from spray which strikes before a 
film is formed, whereas secondary deposit results from the oil in the 
film which is eventually formed. Obviously, the same distinction could 
be made in the case of solid insecticides used as sprays. 

It seems possible to derive a logical and comprehensive theory of the 
deposit of spray materials based upon the idea that an increase or ‘‘build- 
up” of primary deposit occurs up to the time that a continuous film 
of water is formed over the surface, that this film then largely prevents 
more insecticide from coming in contact with the solid and that a further 
(secondary) deposit occurs when the water of the film evaporates. The 
relative magnitudes of primary and secondary deposit depend upon 
how quickly wetting occurs and how easily the insecticide comes into 
contact with the surface in the first stage of spraying—i.e., up to the 
time of film formation. By studying the two types of deposit indepen- 
dently it is possible to ascertain what factors are of mostimportancein each. 

It has been shown by numerous workers that the changes brought 
about in surfaces and interfaces by wetting agents and spreaders do not 
occur instantly. Robinson (1925), in studies on the surface tension of 
spray liquids, found the time necessary to establish static equilibrium 
to vary with each substance and arbitrarily adopted three minutes as the 
age of the surface at which each surface tension was measured. du Noitty 
(1926)has found that the surface tension of protein solutions does not 
come to its final value for many hours. Twenty-four hours was recom- 
mended by Joblin (1929, 1930) for equilibrium to be reached with gela- 
tin or soap solutions. In the absence of wetting agents Pockels (1933) 
found glass, procelain, tallow, and other fatty materials not to be wetted 
by water until contact had lasted up to five days. These examples are 
sufficient to show that static—i. e., equilibrium—surface and interfacial 
tensions are probably never reached during the application of sprays and 
hence measurements made upon old surfaces and interfaces have little 
meaning for the problems concerned in deposit of sprays. On the other 
hand, in very new surfaces and interfaces the tensions are changing 
rapidly and it may be quite impossible to decide which value has the 
most meaning. A further complication arises from the fact that the rate 
of change of interfacial tension depends upon the solid concerned. 

A problem of both practical and theoretical importance is the effect 
upon deposit, of variations in the amount of wetting agent used in the 
spray. In previous studies on this problem attention has not always been 
given to the volume of spray applied. Thus, Cressman and Dawsey 
(1934) in working with emulsions of oil with sodium oleate sprayed until 
wetting was complete and determined the deposits of oil obtained as the 
concentration of soap was altered. This is an exeellent method for some 
purposes but it makes no distinction between primary and secondary 
deposit. Another procedure is to apply equal volumes of oil sprays to 
areas of equal size. This method was used in the present work. 
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EXPERIMENTAL ProcEpURE.—The equipment used in the present 
work was an improvement on that employed by Borden and Hensill 
(1934) in their studies on the deposit obtained from commercial oil 
emulsions. The spray tank was a horizontal cylinder holding four gallons 
and was equipped with paddles of the ice cream-freezer type. Tests 
carried out by the method of Smith (1932) showed that agitation was 
adequate even when no emulsifying agent was used in tank mix sprays. 
The pump was a small Myers simple displacement type equipped: with 
a relief valve which was set at 100 pounds tothe square inch. The nozzle 
was a Vermorel type with a special disc, 1/32 inch thick with a.centered 
hole 1/16 inch in diameter. The nozzle was set so. that a uniform solid 
cone of spray was produced which covered a-circle approximately one 
foot in diameter atthe distance of 38% inches. The objects to be 
sprayed were placed at this distance! and centered in the cone of spray. 
A sliding door made it easy to expose the objects for any desired period 
of time. 

Since the surfaces of fruit and leaves are extremely varied and change 
with age, it seemed advisable to use an artificial surface which was of 
constant properties and easily reproducible. Commercial white beeswax 
satisfied these conditions. It was applied, to the surface of four-ounce 
oil sample bottles (3.6.cm. by 13.5 cm.) by dipping them in the melted 
wax and allowing them to drain at 80° €:for seven minutes. A uniform 
coating weighing approximately 250 mg. was left on each bottle which 
had an average area,of 153 sq. cm., exclusive of neck, shoulder, and 
bottom which were wiped clean after waxing and after spraying. When 
a bottle had cooled, it was weighed and attached vertically at the proper 
distance from the spray nozzle to a support which turned fifteen times 
per minute. A graduated cylinder was placed beneath the bottle and 
shielded so that only liquid dropping from the bottle could enter it. 
The bottle was exposed by raising and lowering the sliding door so that 
twenty cubic centimeters of run off was secured from each bottle. This 
volume was chosen somewhat arbitrarily, but it probably corresponds 
to an average commercial spraying on an area of the size used. It is 
important to use volume of spray rather than time because sprays which 
contain much solid material are delivered more slowly than those 
containing only liquids. All sprays were made by agitating the insecticide 
with about one-half gallon of water in the spray tank in the presence of 
emulsifying or wetting agent if one was used. This mixture was passed 
through the pump as more water was added up to the desired volume. 
When oil was used, the deposit was ascertained by weighing the bottles 
after they had dried in the laboratory for forty-eight hours after spray- 
ing. It was found that temperature and humidity had a small effect upon 
the weight, so initial and final weighings were always made at the same 
time of day and under as nearly identical conditions as were convenient. 
When lead arsenate was used, it was removed along with the wax by 
dipping in warm carbon tetrachloride. The lead arsenate was separated 
by filtering and either dissolved in hot nitric acid and determined as 
lead chromate or dissolved in, hot hydrochloric acid and determined by 
the Gutzeit method for arsenic. The two methods agreed excellently. 
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All deposit tests were made on groups of six bottles, and many repeti- 
tions were carried out, so that nearly two thousand bottles were used 
in the experiments reported in this paper. The spray materials used were 
Ortho standard lead arsenate, which contained 20 per cent arsenic and 
63 per cent lead oxide; a spray oil of 95 per cent unsulfonatable residue 
and 69 seconds Saybolt viscosity ; and the three emulsifying and wetting 
agents, Kayso, Mapco blood albumin spreader, and commercial tri- 
ethanolamine oleate. These were chosen from the large number available 
because they represent contrasting types and are of economic importance. 
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Fic. 1389.—Effect of wetting agents upon deposit of oil. 


RESULTs AND Discussion.—In Figure 139 the deposits obtained with 
1, 2, 3, and 4 per cent tank mix oil emulsions containing varying amounts 
of the three wetting agents are shown. Similarly, Figure 140 gives the 
deposits from lead arsenate suspensions containing two pounds to the 
hundred gallons. The results are practically self-explanatory, but certain 
features should be emphasized. Under the conditions of these spraying 
tests—i. e., twenty cubic centimeters of spray liquid applied to each 
waxed surface—maximum deposit is not obtained in the absence of 
wetting agent but rather at some particular concentration of the latter 
in each case. It is impossible to compare these concentrations on any 
rational basis for the materials are of very different nature, and in the 
case of the blood albumin spreader. and of: Kayso the molecular weights 
of the active ingredients are not known even approximately on account 
of the denaturation of the proteins which occurs when they are dried. 
The maximum deposit of lead arsenate is not very different with the 
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three wetting agents, but the maximum deposit of oil varies greatly 
and is particularly low with triethanolamine oleate. In a later publica- 
tion it will be shown that this is essentially an emulsifying agent instead 
of a wetting agent so the low deposit of oil is probably due to difficulty in 
rupturing the film of triethanolamine oleate around each oil droplet. 
Comparing the oil deposit curves with those for lead arsenate it will be 
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Fic. 140.—Effect of wetting agents upon deposit of lead 
arsenate. 


noted that they are contrasting in shape for each wetting agent—e.g., 
maximum oil deposit was obtained with small amounts of blood albumin 
spreader but much larger amounts were needed for maximum lead 
arsenate deposit. For the other two materials the relations are exactly 
opposite. 

Maximum deposit was obtained at, or below, the concentration of 
wetting agent which leads to formation of a continuous film of water 
just as spraying was finished. This is consistent with the theory men- 
tioned earlier that a build-up of primary deposit continues until a 
film of water forms and maximum deposit is to be expected when this 
build-up continues throughout the application of the spray. The fact 
that maximum deposit is not obtained in the absence of wetting agent, 
when no film at all is formed, signifies that the wetting agent alters the 
solid surface so that more oil or lead arsenate makes contact with it 
and remains attached. The great increase in deposit of oil in the presence 
of only one ounce of blood albumin spreader is particularly interesting, 
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for it confirms the statement of Smith (1932) that this wetting agent 
facilitates the spreading of spray oil. There is an indication that as the 
concentration of oil was increased, slightly greater amounts of the 
wetting agent were needed to give maximum deposit. This is also shown 
in preliminary results with higher amounts of lead arsenate. 

Comparison of the results of the present work with those of other 
workers is difficult because they usually did not use definite volumes of 
spray. Robinson (1925), who probably sprayed until wetting was accom- 
plished, found that addition of a spreader had little effect upon the 
deposit of lead arsenate on several kinds of surfaces. Hamilton (1930), 
who sprayed to complete wetting, found the deposit of lead arsenate to 
decrease steadily as larger quantities of several wetting agents were 
used, but the opposite relation held in the case of casein-lime spreader. 
Smith (1932) sprayed to complete wetting and found maximum deposit 
of oil to occur in the absence of blood albumin spreader. Dawsey and 
Haas (1933) in illustration of their method for determining spray oil 
on leaves gave a curve which shows that deposit is decreased as more 
sodium oleate is used, but no data were given for a mechanical mixture. 
Knight and Cleveland (1934) stated that deposit of oil was practically 
unaffected by the addition of one-fourth pound of blood albumin 
spreader per one hundred gallons of spray. Cressman and Dawsey (1934), 
who sprayed until wetting was complete, found that a very rapid de- 
crease in deposit of oil was caused by raising the concentration of 
sodium oleate from 1 x 10~ molal to 6 x 10~* molal, but they did not 
study the mechanical mixture in the absence of soap. The indefiniteness 
of the results of these various investigators shows the need for carefully 
defined experiments with a variety of sprays and different kinds of 
surfaces. This work is now being carried on. 

SuMMARY.—The use cf many different materials to facilitate the 
wetting of plant and animal surfaces with insecticidal sprays has 
caused great stress to be laid upon the importance of forming a con- 
tinuous film of spray liquid upon the surface during spraying. The effect 
of formation of a film is to stop the increase in the amount of insecticide 
deposited upon the surface as spray liquid falls upon it. This initial or 
primary deposit is supplemented by a secondary deposit of the insecti- 
cide contained in the film. The various wetting agents bring about film 
formation after different intervals and hence affect the total amount of 
deposit. Their action is also dependent upon the concentration at which 
they are used. 

Determination of the deposit of oil and of lead arsenate with different 
concentrations of blood albumin spreader, Kayso and triethanolamine 
oleate, shows that maximum deposit is obtained, under the condition 
that a constant volume of each spray is applied to equal areas of wax, 
with a characteristic concentration of each wetting agent and not with 
the mechanical mixtures containing none. This indicates that the sur- 
face is altered at different rates and to different extents by the various 
wetting agents. 
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CODLING MOTH CONTROL AND SPRAY RESIDUE 
STUDIES IN CALIFORNIA 


By Artuur D. Borpen, Assistant Entomologist', University of California 


For the past three seasons The Division of Entomology and Para- 
sitology of the University of California in addition to its regular codling 
moth control program has been conducting field and laboratory studies 
on spray residue. The field work has consisted of testing various spreaders 
with lead arsenate, a number of non-lead arsenicals and a number of 
non-arsenical products in an attempt to find the most efficient means of 
control of the codling moth. The laboratory studies have been directed 
toward the determination of the best means of obtaining a suitable 
deposit of insecticides and to determine by chemical analysis the amount 
of arsenic left at harvest time after spray treatment. 

We have not only paid attention to improving control during the past 
two seasons but have also analyzed samples of fruit and leaves before 
and after each spray application, at harvest and following residue re- 
moval treatment. We have been able to demonstrate not only the 
amount of deposit of each spray application but also the loss of deposit 
by increase in area through growth. 

These studies have been made on Bartlett pear, Gravenstein, Belle- 
flower, and Yellow Newtown Pippin apple in four widely separated 
counties of Northern California. The number of spray applications has 
varied from three on Gravenstein apples to as many as six on Newtown 
Pippins. All applications during the past two years have been made with 
Divisional equipment and by our own men. The washing and wiping of 
the fruit was done by commercial packing concerns in the localities 
where the fruit was grown. The chemical analyses were made in our own 
laboratories. 

The codling moth problem in Northern California varies widely as to 
intensity. In a few districts a single spray is sufficient to give control, 
in some places two or perhaps a third spray are required; in others four 
to six sprays are necessary. Naturally those crops like Gravenstein 
apples and Bartlett pears, which are usually harvested in July or August 
and consequently only subject to the attack of the first brood of moths 
and a few moths of the second brood, do not offer the problem as do 
late apples and pears which are harvested in September and October 
and subject to attack from both broods of moths. Climatic differences 
to which the various fruit growing localities in our state are subjected 
also often explains the differences in moth population. 

As compared with the Pacific Northwest our moth emergences and 
moth pupations are quite different. The moth emergence in Northern 
California is much lighter and extended over a longer period than that 
which occurs for the same season in the state of Washington. Our bait 
trap records of the past eight years show that the peak emergences of 

'The assistance of Professor W. M. Hoskins, Associate Entomologist in the Cali- 
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Mr. E. L. Wampler in both field and laboratory is gratefully acknowledged. 
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the first brood usually occur in three rather definite quite widely sepa- 
rated periods. The peak emergences of the second brood usually appear 
in two widely separated peaks and in comparatively smaller numbers. 
In the Pacific Northwest the peaks of emergence are much closer and 
consist of far greater numbers necessitating spray applications at 
intervals of 10 to 14 days with as many as eight or more cover sprays. 
In California our cover sprays are usually timed from 3 to 4 weeks apart 
and number from two to five. 
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Some interesting observations have been made on the emergence of the 
moths in the first brood in Northern California. Though the localities 
at which the bait trap records were taken are widely separated and 
extend from the coast to the Sierra foothills, the dates of the major 
peaks of emergence of the first brood are almost identical. That is, the 
occurence of the first two and often the third major peak are the same 
whether the record be from Newcastle, Placerville, Walnut Grove, 
Fairfield, Lakeport, or Watsonville. This uniformity in peaks does not 
usually hold true in later peaks during midsummer. 

Another and more important fact has been noted in that usually 
from 60 to 80 per cent of the moths of the first brood emerge during a 
three week period following the petal fall or calyx period of the fruit. 
This is very important in timing the first two spray applications (calyx 
and Ist cover sprays) and is comprehended in our spray schedule 
recommendations. It has further been found that not only do the ma- 
jority of the moths of this brood appear at this time but the greatest 
loss of deposit from fruit growth occurs at this period. The increase 
in area of the fruit is more rapid at this time than at any other time as 
is shown in Table 3 and Figure 142. Furthermore, more arsenic can be 
deposited on the surface of the fruit in these first two spray applications 
than in any subsequent applications as is shown in Tables 1 and 2. 
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Control of these first brood worms is most important for it not only 
eliminates the so-called ‘calyx-worms’ at harvest but also the possibility 
of small ‘side’ worms of the second brood. That this is a fact was proven 
the past season in two Bartlett pear orchards. In one orchard the close 
timing of the first two sprays during this early period and two late cover 
sprays timed by bait traps resulted in not over 1.5% wormy fruit while 
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in the second orchard with a similar infestation and only a single de- 
layed calyx spray in the early period and three late cover sprays although 
carefully timed by bait traps showed a loss of from 15 to 22 per cent of 
the fruit. The timing of these first two sprays under our Northern 
California conditions is considered most important and basic to success- 
ful control. The first arsenical spray should be applied when 50% to 
70% of the petals have fallen and the first cover spray within from 10 
to 14 days following the calyx. Sometimes due to an extended bloom 
period a double calyx spray may be necessary and then the first cover 
spray must follow the second calyx. Late cover sprays are best timed by 
bait trap catches. 

No substitute has been found for standard lead arsenate especially in 
the first two sprays. Natural cryolite, synthetic cryolite, manganese 
arsenate, calcium arsenate, oil-nicotine, and nicotine bentonite when 
used throughout the season failed to give satisfactory control though 
some of these showed promise when used in late cover sprays following 
lead arsenate in the first two applications. 
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The use of lead arsenate without a spreader is discouraged as the 
spot-type coverage causes uneven coloring of the fruit and the spray 
residue removal is more difficult. The spreading of the spray material 
is much more difficult on Bartlett pears than on apples. There is a 
tendency among growers of this state to use more spreader than is 
necessary resulting in a reduced deposit. On apples and pears 4% to % 
pound of Fluxit per 100 gallons is sufficient. On Bartlett pears 4 ounces 
powdered blood albumen spreader per 100 gallons of water not only 
gave a higher lead arsenate deposit but also a better control. Oil should 
not be combined with lead arsenate in this state unless there are other 
insects such as red spider or leafhoppers present and should not be used 
in late cover sprays as it makes spray residue removal more difficult. 
An oil-nicotine combination applied as a late cover spray has proven 
quite satisfactory if properly timed with bait trap catches and has been 
found to reduce the arsenic previously deposited on the fruit by earlier 
sprays. 

Spray Resipve Stupies.—Our spray residue studies of 1933 were 
made on Bartlett pears and apples of several varieties at the time of 
harvest and before and after wiping or washing. Fruit was collected 
in several of the major fruit districts from orchards where definite 
knowledge of the spray schedule was obtainable. Analysis was made of 
this fruit as it came from the orchard and after treatment in local pack- 
ing plants. 

The spray residue studies of 1934 and 1935 were also made on Bartlett 
pears and apples of several varieties but include analyses of the fruit 
and foliage throughout the season. Over 480 separate lots of fruit were 
analyzed in 1934 and over 300 will be used in 1935. 

Some of our fruits (Gravenstein apples and Bartlett pears) receiving 
not more than three sprays can be successfully cleaned by properly 
equipped wiping machines when the last spray has been applied several 
weeks previous to harvest as is usually practiced in this state. Arsenate 
of lead applied on these fruits without a spreader cannot be successfully 
cleaned by wiping equipment. Most Bartlett pears harvested in this 
state are now being washed in a weak cold water acid bath. 

Late apples and pears receiving from four to six spray applications of 
lead arsenate are successfully cleaned with a cold water-acid wash con- 
taining from 0.6 to 1.5% acid depending upon the variety of fruit to be 
cleaned and the spray schedule. Alakline washes and warm water-acid 
washes have not been necessary in this state. Varieties of apples, such 
as the yellow Newtown Pippin, which develop considerable wax on 
the surface of the fruit before and after harvest are often more difficult 
to clean. Leaving such fruit in the orchard or in storage after harvest 
before washing increases the difficulty of spray residue removal. 

A study of the deposit of lead arsenate on the fruit and foliage through- 
out the season during 1934 and 1935 has given some important informa- 
tion as to the amount deposited at different stages in the development 
of the fruit and also loss of deposit through growth. The changes in the 
texture of the surface of the fruit very materially affects the deposit as 
is shown in Tables 1 and 2. The highest deposit per square inch of sur- 
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face is attained in the calyx spray with the next highest in the first 

cover spray. The high deposit in the calyx spray is probably due to the 

roughened surface of the calyx cup and the pubescence of the fruit 

surface. It has been found that 75 to 80% of this load is often found in 

the calyx cup itself. Then as the fruit starts to grow and the surface 

becomes more resistant to the wetting and spreading of the spray the 

deposit at each spray application is materially lessened. On Bartlett 

years with a 4 pound lead arsenate dosage and 34 pound Fluxit as a 

I yen 

spreader the build-up at each application is shown in Table 1 

TaBLe 1. Bur_tp-up or Leap ARSENATE BY EAcu Spray APPLICATION MADE ON BARTLETT PEARS 
mmg. As.O 

Date sprayed Spray 

Mar. 26 Pas Calyx 

Apr. 6 aes lst cover 


Apr. 28 . . 2ee 2nd cover 
May 29 ; . 7 3rd cover 


The build-up of deposit on apples shows more uniformity in the calyx 
and first cover sprays with a decided decrease in the third application 
following the rapid growth period. Three pounds of a standard lead 
arsenate and % pound of Fluxit gave the following deposits on Graven- 
stein apples. (See Table 2.) 


TABLE 2. Bur_p-up oF Leap ARSENATE BY Eacu Spray APPLICATION ON GRAVENSTEIN APPLES 
mmg. As.O 
Date sprayed Spray per sq. in 
Calyx 66.0 
Ist cover 49.3 
2nd cover 15.6 


LEAF GROWTH 
AND 
ARSENICAL DEPOSIT 
ON BARTLETT PEAR 
LEAVES 


sy 


° 


i) 
Araa in square inches 





APR 
28 
Fic. 143. 


The deposits on both pear and apple foliage (Fig. 143) show a more 
uniform deposit throughout the season and often the heaviest deposit 
in the last applications. Naturally the young tender new foliage is the 
most resistant to wetting and spreading. 

The great loss in deposit on Bartlett pears in the early season may be 
explained by correlating it with the increase in fruit area over this 
period. If we note the percentage increase in area per day between each 
of the four sprays, we find that the greatest per cent increase in area 
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does occur in the first two intervals. In the same periods the greatest 
percentage loss in deposit is noted (Table 3). 


Taste 3. INCREASE IN Frurt Area tn RELATION TO Loss oF ARSENICAL Deposit ON BARTLETT 
PEARS 


Increase in fruit area Loss in di sit 
No. . Per cent er cent 
Period s Total gain gain perday Total loss* loss per day 


Mar. 26-Apr.6..... , ‘ 9 sq. in. 22.5 30. 7.2 
Apr. 6-Apr. 28. . 23 3. 10.5 2.3 3. 

rere 5. 4.3 A 2.4 

. 3.0 3. 2.0 


= ay 29 f 
May 29-June 20 ekewe =i 6 
*mmg. As,O, per square inch. 
The importance of this study has already been indicated earlier in 
this paper and forms the basis for timing the major part of the control 
of this insect under Northern California conditions. 


CODLING MOTH AND THE WEATHER' 
By R. L. Wesster, Washington Experiment Station 


Whenever results following tests of various insecticides for codling 
moth control are compared, there is always considerable lack of uni- 
formity in conclusions drawn by investigators working in different apple 
growing sections. Only too often the explanation for such lack of uni- 
formity is to criticize the work of other investigators as being carelessly 
done. While this may be, on occasion, a legitimate explanation, it is 
not the only one that may be utilized to reconcile such differences. 

It is reasonable to assume that if any given insecticide is applied in the 
same manner at the same concentration, other conditions being equal, 
similar results may be obtained. Unfortunately, other conditions are 
seldom equal. This may be expected in comparing results of investigators 
in various sections of the country. It may also be expected in making 
comparisons in the same region from one year to another. 

No two years are alike with respect to codling moth activity. In this 
paper an attempt is made to enumerate, in the order of their relative 
importance, the several factors which influence the abundance of the 
codling moth in a single locality. The data on which these generaliza- 
tions are based depends for the most part on the daily records of the 
number of codling moths counted in trap stations in the Wenatchee 
valley of Washington over a period of nine years, from 1926 to 1934 
inclusive. Certain of these records were accumulated in the experi- 
mental orchard of the Washington experiment station at Wenatchee, 
others from the records of the Washington state department of agricul- 
ture. 

1. InrTIAL INFESTATION IN THE ORCHARD.—Regardless of season, 
codling moth control in any orchard is dependent for the most part on 
the intensity of moth population. This initial infestation has been 
emphasized by various investigators and is no doubt the most important 


'Published as Scientific Paper No. 316, College of Agriculture and Experiment 
Station, State College of Washington. 
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factor concerned. In the spray recommendations for codling moth 
control for the state of Washington, made public each year following an 
annual conference of representatives of the federal bureau of entomology, 
the Washington state department of agriculture, and the Washington 
state experiment station, emphasis has been placed on three important 
factors: first, the length of the growing season; second, the degree of 
infestation the previous year; and third, the temperature of the time of 
moth emergence (1). Once the worm situation gets out of hand it be- 
comes difficult indeed to reduce the infestation to a point where 
ordinary spraying operations will hold the worms in check. 

2. Ecc Layinc TEMPERATURES IN May.—It is generally accepted 
that the extent of damage by codling moth depends largely upon second 
brood activity, especially in orchards ordinarily well sprayed. On the 
other hand, the extent of the second brood population depends upon 
the number of worms which escape first brood applications of spray 
material. Indeed many investigators have made the statement that the 
codling moth problem is entirely a matter of checking the first brood. 

The extent of the worm population in the first brood is dependent 
again upon favorable or unfavorable temperature conditions following 
the emergence of the moths in spring. Even though moths may emerge 
in some numbers, unfavorable May temperature conditions may serve 
to limit the number of first brood larvae because eggs are not deposited, 
or rather, are deposited in limited number. According to Newcomer 
and Whitcomb (2), the codling moth rarely oviposits at temperatures 
lower than 60° F. 

As a rule in the heart of the apple growing districts of Wenatchee and 
Yakima, codling moth activity begins early in May and the first peak 
of any consequence is likely to come about the middle of that month. 
Should temperatures for May fall below the mean for that month the 
extent of the first brood worm population will be reduced accordingly. 

During the nine years, May temperatures have been unusually high 
in three seasons: 1929, 1931, and 1934, when the mean temperature for 
that month was 4°, 4.2°, and 3.5° above normal. The last two years were 
characterized by heavy codling moth attack which indicates that May 
temperatures are of much importance. 

While 1928 is not considered as a severe season for the insect, it is 
possible that unfavorable temperatures which occurred during the last 
five days of May and the first week in June checked oviposition to the 
extent that the insect was not difficult to control that season. As a 
matter of fact it would appear that the warm weather early in May 
brought out the moths, while the cooler temperatures which followed 
checked oviposition by these same moths. August temperatures, im- 
portant because of their influence on second brood activity, were slightly 
below normal in 1928. 

These above normal temperatures may be contrasted with those of 
1933, when May was 3.7° below normal, June 1.2°, and July 0.8°, 
below. While the moth population was high in 1933, evident from the 
number captured in traps in spring, damage was low because of the 
short season and restricted second brood population. 
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3. TEMPERATURE DurinG AuGust.—The length of the season de- 
pends in part on temperature during August. While it is apparent that 
several factors are concerned with moth population, there was unusual 
abundance of the insect in 1929-following a particularly warm August 
when the temperature was 2.2° above normal. Other factors in 1929 
were not particularly favorable to development: April, June, and July 
were below normal in temperature; May only slightly (0.7°) above. 

Next in line in the nine year period was August 1930, which had a 
temperature of 1.7° above normal. This was not sufficient, however, to 
cause any unusual abundance of second brood worms. Other unfavorable 
factors in 1930 are represented in low winter temperatures (the coldest 
January in the nine year period) and unfavorable May temperatures, 
although the mean temperature for May 1930 was 0.2° above normal. 
However, the 8 p.m. temperatures for this month stood at 60° F. or 
above only eight times during the month. 

4.—Start oF Seconp Broop EmMERGENcCE.—Emergence of moths 
from first brood worms began earliest in 1934—about July 1—and 1934 
represents the most severe attack of the codling moth in the nine year 
period. In 1926, in 1928, and again in 1931 moth emergence began about 
July 15. (See Table 1.) Since the last year, 1931, was the only one of the 
three in which worm control was difficult, it does not appear that emerg- 
ence starting in mid July is necessarily followed by excessive worm 
damage. Again, in the years 1927, 1930, 1932, and 1933 moth emerg- 
ence in summer was delayed until July 20, yet severe injury occurred 
in 1932. Not only that, but the year 1929, when emergence was held 


back until July 25, was a year characterized by many late worms and 
considerable injury. 

Whether or not the early emergence of moths in July is followed by 
severe injury evidently depends on the succeeding temperatures in 
August. Should those be higher than ordinary, as in 1929, even a late 
moth emergence in July may be followed by intensified activity of 
second brood worms. 


Tasie 1. Approximate Date or First EmerGence, Summer Broop Motus: WENATCHEE, 
1926-1934 


1926 1927 1928 1929 1930 1931 1932 1933 1934 
July 15 July 20 July 15 July 25 July 20 July 15 July 20 July 20 July 1 


5. Low WINTER TEMPERATURE.—According to Newcomer and Whit- 
comb (2), “A winter temperature of —25° F. or colder may kill all the 
codling moth larvae above snow line, a temperature of —-20° to —25° F. 
may kill 80 to 90 per cent of the larvae, a temperature of —15° to —20° F 
may kill 70 to 80 per cent, while a temperature of only —7° or —8° F. 
kills only about four per cent of the wintering larvae.’’ These observa- 
tions were made following extremely low temperatures of December 
1919. 

Low winter temperatures of 20 or below were not encountered during 
the nine year period. In general it does not appear that low winter 
temperatures have been much of a factor except in 1930 when the 
departure from normal at Wenatchee was —15° for the month of Jan- 





December, '35] WEBSTER: CODLING MOTH AND THE WEATHER 959 


uary. That the influence of low winter temperatures may be counter- 
balanced by favorable temperatures in August is made evident by a 
study of the 1929 season. All three winter months were below normal, 
although 13 below zero represents the minimum temperature for the 
winter, hardly sufficient to reduce the worm population to any great 
extent. 

6. Morn Activity Between Broops.—A study of records of moth 
activity.over the nine year period indicates considerable activity between 
broods: beginning about 1932. Previous to that time moth records 
indicate comparatively little emergence, often for a period of 30 days 
or more between broods. This condition of affairs led to the assumption 
that spray applications during the interim between broods were of 
comparatively little value, a position difficult to maintain in recent 
years. 

While this greater activity is due, in large measure, to the great 
increase in moth population, the practical result has been that many 
worms have penetrated growing apples at a period when there was 
little protection afforded by spray coverage 


DIscUSSION 

During the nine year period codling moth damage has been particu- 
larly severe in four years: 1929, 1931, 1932, and 1934. Apple growers 
are finding the insect far more difficult to hold in check than during 
the years immediately previous to 1929. While some of this difficulty 
may be due to a resistance on the part of the larvae to insecticide treat- 
ment (4), it is apparent that a high moth population has accumulated 
in recent years. 

The present abundance goes back to the fall of 1931 when there was 
much worm activity late in the season, as indicated by Spuler et al (3), 
and in consequence a heavy carry over of larvae into the spring of 1932 

Accordingly, tremendous numbers of moths were caught in the traps 
early in the season of 1932 and severe injury was anticipated. While 
May temperatures were slightly below normal, the weather in June 
was favorable to egg deposition and the continued emergence of moths 
throughout June, coupled with the large population which had been 
built up the year before, led to the worst infestation since 1916. Such 
was the case, even though both July and August 1932 were well below 
normal in temperature 

Were it not for the relatively short season, 1933 would have been an 
unusually wormy year. However, moth emergence was late, cool weather 
persisting during May and June, while July and August temperatures 
were only slightly above normal 

This condition of affairs, however, did not lead to any great diminu- 
tion in moth population as a whole and in 1934 apple growers were faced 
with even greater difficulty in controlling the.codling moth than in 
1932.. Following a particularly mild winter, codling moth emergence 
started early and was particularly heavy. March was 5.4° above normal, 
April 7° above normal, while May and June were 3.5 and 1.9° above 
normal respectively. While July was 1.5° below normal the first brood 





960 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


had already built up so tremendous a population that heavy losses 
were incurred. Again, August was favorable to development of second 
brood worms, having a mean temperature of 1.1° above normal. 

Damage by late worms was particularly severe in 1934. At the experi- 
mental orchard at Monitor, near Wenatchee, fifteen standard lead 
arsenate plots of Jonathans and fifteen like plots of Romes were sprayed 
with six applications of lead arsenate 3-100. Both varieties were sprayed 
at the same time with similar materials. The Romes were picked about 
three weeks later than the Jonathans. The average infestation of all 
plots, in percentage of wormy fruit, was 9.9 in the Jonathan blocks; 
27.3 in the Romes. It was evident that a tremendous amount of damage, 
which must be due to continued activity of late entering worms, occurred 
in case of the Romes. 

The severe damage that occurred in 1934 may be accounted for when 
it is considered that there were several factors that accelerated the 
development of the codling moth during the season. First of all was the 
large moth population, which persisted through the unfavorable short 
season of 1933. Other factors no less important, in their chronological 
order, were (1) an unusually mild winter, followed by an early spring, 
(2) favorable temperatures for egg deposition for spring brood moths, 
(3) continued moth activity between broods, (4) early start in the 
emergence of summer brood moths, (5) temperature conditions favor- 
able to the development of the insect in August and September. 
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THE EXPERIMENTAL APPLICATION OF CALCIUM 
ARSENATE FOR CODLING MOTH CONTROL IN 
AN ARID REGION! 


By JAMES MARSHALL, Washington Experiment Station 


As an insecticide for use on apple trees, calcium arsenate has not 
found general use even though repeated efforts have been made to 
substitute it for lead arsenate. It is, however, employed in the Annapolis 
Valley of Nova Scotia where for a number of years calcium arsenate 
has been regarded as a standard arsenical in apple orchards. According 
to Sanders and Kelsall (1), even in 1918 it was used for this purpose 
more extensively in Nova Scotia than in any other area. Foliage injury 
from this arsenical in the Annapolis Valley has not been of importance 
though precipitation is very similar to that in many parts of the United 

‘Published as Scientific Paper No. 315, College of Agriculture and Experiment 
Station, State College of Washington. 
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States from which come reports of arsenical injury. Apparently the 
explanation for the comparative safety with which it may be used in 
Nova Scotia lies in the fact that there it is applied in combination with 
a fungicidal mixture which either contains a great excess of lime (3:10:50 
Bordeaux) or a good “‘buffer’’ (ferric oxide). The codling moth in Nova 
Scotia is not a serious menace to the apple grower and spray mixtures 
which are satisfactory for its control there have been found quite inade- 
quate in the Wenatchee Valley of Washington. 

As in other apple growing areas of the United States, investigators 
in the Northwest have made frequent but unsuccessful efforts to utilize 
calcium arsenate for codling moth control. The Willamette Valley of 
Oregon provides an exception but there the infestation is light. Spuler 
(2), Newcomer and Yothers (3) and Childs (4) have not obtained satis- 
factory results with calcium arsenate in the irrigated districts of Oregon 
and Washington where the codling moth is a serious problem. Childs 
voices present general feeling when he says, ‘‘the average results for the 
calcium and zinc arsenicals have been two to three times less effective 
than that obtained from standard lead arsenate”’. 

What is the reason for the relative ineffectiveness of calcium arsenate? 
So far there has been no satisfactory answer, for little has been done to 
determine this by field experiments 

Calcium arsenate’s second failing, its tendency to cause arsenical 
injury, has likewise been insufficiently studied, for as a rule an arsenical 
has been discarded if it caused noticeable injury. Little attention has 
been paid to prevention of this trouble 

The matter of apparent low toxicity should be carefully considered. 
It does not seem enough that, while certain arsenicals for reasons un- 
known are apparently more toxic than others to one insect, the reverse 
may apply to some other insect. For instance, calcium arsenate is known 
to be one of the more toxic arsenicals to a number of forms but it has 
become a common opinion that it is far less toxic to the codling moth 
larva than lead arsenate. Perhaps this belief may be connected with the 
tendency to a loose use of the word toxic. In some of the contemporary 
literature its meaning has been expanded to include effects quite foreign 
to those implied by the toxicologist. 

There can be little question, however, that calcium arsenate has been 
less effective than lead arsenate for codling moth control but this is an 
entirely different matter. Effectiveness depends not only on toxicity in 
the strict sense, but also on particle size, amount of deposit, adhesive- 
ness of particles both to fruit and insect mouth parts, uniformity of 
deposit, degree of repellence and possibly on the pH of the fruit juice. 
As Borchers and May (5) have expressed it, two groups of factors must 
be considered in determining the effectiveness of an arsenical. On the 
one hand there are the chemical and physical characteristics of the 
poison and on the other the chemical and physiological characteristics 
of the animal, not to mention its feeding habits. A substance ineffective 
because of a certain undesirable physical characteristic may be made 
effective if the reason for its failure can be determined and the difficulty 
corrected 
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Acting upon this thesis attempts have been made at the field labora- 
tory of the Washington Experiment Station at Wenatchee to increase 
the effectiveness of calcium arsenate as a codling moth insecticide 
This work has been done on a rather large scale for the past two years, 
both in the field and in the laboratory, and because of the promising 
results which have been obtained under conditions of fairly severe 
infestation, is being advanced at the present time. If a third year’s 
results support those of the previous two, definite suggestions regarding 
the use of calcium arsenate will probably be made to the industry 
Some of the principles which appear to govern the effectiveness of 
calcium arsenate will now be set forth, the details it is hoped, to be 
published later. : 

INVESTIGATIONS IN 1933.—Using analyzed materials from single 
batches, taking every precaution to minimize the experimental error, 
then estimating and making allowance for it, certain points were fairly 
clearly demonstrated. Concerning calcium arsenate at three pounds per 
100 gallons of spray mixture compared to lead arsenate alone these 
points are given below. The average infestation in the lead arsenate 
check plots which received six cover sprays and which were immediately 
adjacent to the calcium arsenate plots, was in case of Romes 14 worms; 
Jonathans 27 worms per 100 fruits. 

1. The addition to calcium arsenate of one half pound of caseinate 
spreader containing excess lime produced a mixture less effective than 
lead arsenate alone but which caused no more injury to Jonathan or 
Rome trees. 

2. The addition of three ounces of a ‘“‘neutral’’ powdered sodium soap 
spreader containing a small amount of sodium silicate and calcium and 
magnesium carbonate* lessened arsenical injury, but codling moth 
control was not so good as with lead arsenate. 

3. The use of vegetable oils (rapeseed, soybean, castor, corn or lin- 
seed) at one-eighth per cent with calcium arsenate was followed by fairly 
severe arsenical injury. 

Animal oils (herring, dogfish, sardine) used with calctum arsenate, 
incited severe arsenical injury at one-fourth per cent, less severe, but 
still too much, injury at one-eighth per cent. Codling moth control was 
generally similar to lead arsenate used alone. The arsenical deposit in 
most cases was rough and hard, not suited for efficient protection from 
codling moth attack. 

4. The addition of one half per cent petroleum oil, 70-75 sec. vis- 
cosity, 90% unsulphonatable residue, lessened arsenical injury and gave 
codling moth control about 50% better than with lead arsenate alone. 

5. The addition of one pound copper sulphate (5H,O), iron sulphate 
(7H,O), zine sulphate (5H.O), or aluminum sulphate (15H,O), in 
combination with an excess of calcium hydrate (2 lbs.) completely 
prevented arsenical injury from calcium arsenate. Lead arsenate alone 
caused considerable arsenical injury on Jonathan. 

6. The use of iron sulphate as above greatly decreased the effective- 


*Prepared for this work by C. D. Dolman, chief chemist, Wenatchee Traffi 
Association. 
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ness of calcium arsenate. Copper sulphate likewise decreased effective- 
ness, but to a less extent. Zinc sulphate and aluminum sulphate did not 
decrease its effectiveness. 

7. Zinc sulphate—calcium hydrate and aluminum sulphate—calcium 
hydrate, hereafter referred to as ‘‘buffers’’ for lack of a better term, in 
combination with calcium arsenate as above, resulted in the foliage 
of Jonathan being distinctly better as compared to trees where lead 
arsenate alone was used. The finish of the fruit was superior. Where 
iron sulphate and copper sulphate were used the finish of the fruit was 
inferior. The iron deposit hindered pigmentation; copper produced 
russeting. 

8. The addition of a large excess of calcium hydrate (6 lbs.), even 
when herring oil (44%) was used, prevented injury from calcium ar- 
senate but codling moth control was poorer than where no calcium 
hydrate was used. 

INVESTIGATIONS IN 1934.—In 1934 the more promising combinations 
of 1933 were further investigated and elaborated upon. Many additional 
arsenical analyses were carried out using more refined methods which 
will be reported from this station elsewhere. Again comparing calcium 
arsenate combinations at 6 cover sprays for the season, with lead ar- 
senate alone, the next points to be established were: 

1. Where uniform and equal deposits (as As2O;) were maintained, 
calctum arsenate gave codling moth control equivalent to lead arsenate 
used alone. Where equal deposits were not maintained control was 
definitely poorer. Given average precipitation in the fall, there is evi- 
dence that for late varieties such as Rome, which are possessed of a 
smooth skin and which grow rapidly, a calcium arsenate deposit may 
within six weeks after the last spray application decrease in amount 
to double the extent of a lead arsenate deposit unless it is applied with 
a good sticking agent. Zinc or aluminum buffers were not effective for 
this purpose 

2. Within the limits investigated, the greater the deposit with cal- 
cium arsenate the better the control. Accordingly five pounds used 
with zinc or aluminum buffer gave better results than three pounds. 

3. The approximate optimum amount of zinc sulphate for use with 
calcitum arsenate without oil has been determined. It is in the neighbor- 
hood of one pound of ZnSO,. 5H:O used with two pounds of calctum 
hydrate. Excessive amounts (two pounds) or insufficient amounts 
(one-fourth pound) with calcium hydrate at the same ratio were not 
is Satisfactory 

t. Petroleum oil, of the same type used in 1933, with calcium arsenate 
resulted in better codling moth control at one-half per cent than at one- 
fourth per cent. The arsenical deposit was likewise greater at one-half 
per cent 

5. Calcium arsenate used with a petroleum oil of similar viscosity to 
that above with a low unsulphonatable residue (57%) gave rise to con- 
siderable injury, much of which appeared to be arsenical. 

6. Where a zinc buffer was used in combination with petroleum oil 
and calcium arsenate, one-eighth pound zinc sulphate with one-fourth 
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pound calcium hydrate was more satisfactory than one pound of sul- 
phate and two pounds of hydrate. This small amount of buffer would 
probably be sufficient to prevent injury only in an arid climate. 

7. As with lead arsenate a film coverage of calcium arsenate was more 
effective than a spotted coverage, the amounts being equal. 

8. Unpublished,data of F. L. Overley and co-workers of the Wash- 
ington Experiment Station show that using a hydrochloric acid wash, 
residues from the calcium arsenate mixtures so far applied have been 
more readily removed than that of lead arsenate alone. 

Discussion.—There have been two principal objections to calcium 
arsenate as an insecticide for codling moth control. It is likely to cause 
arsenical injury and it is not as effective as lead arsenate. 

The successful use of calcium arsenate for codling moth control 
should be more readily realized in arid regions such as the Wenatchee 
Valley of Washington than in districts where precipitation is greater 
and codling moth infestation of similar order. 

Investigations under way at the field laboratory of the Washington 
Experiment Station at Wenatchee have already shown that in an arid 
district it is a simple matter to prevent injury from at least one type of 
commercial calcium arsenate. In fact the mixtures in which it is used 
have been even less injurious to apple foliage than lead arsenate used 
alone. This eliminates the first objection. 

At the same time that the calcium arsenate is prevented from causing 
injury by the addition of a suitable buffer, an improvement in the type 
of spray coverage and in codling moth control has been obtained. The 
importance of using an optimum amount of metallic sulphate for this 
purpose has been demonstrated. 

The cost of a suitably buffered calcium arsenate mixture is com- 
parable to that of lead arsenate used alone at a similar concentration 
of three pounds of arsenical per hundred gallons. 

The most effective buffered calcium arsenate mixtures are not as 
adhesive as lead arsenate alone and so decrease in amount per unit 
area more rapidly as a result of growth of fruit and weathering. In 
consequence, if second or more particularly third brood codling moth 
attack is serious, a greater number of buffered calcium arsenate sprays 
would be required than of lead arsenate used alone. 

Although vegetable or animal oils are incompatible with calcium 
arsenate, a suitable petroleum oil emulsion is quite compatible, in fact 
evidently is of value in preventing arsenical injury. The use of a small 
amount of buffer together with calcium arsenate and petroleum oil is 
indicated to secure a proper margin of safety together with better 
adhesion of arsenical deposit. 

Calcium arsenate, in combination with an ammonium caseinate 
emulsion of petroleum oil, unlike lead arsenate, gave a much greater 
arsenical deposit as compared to the arsenical used alone or, in case of 
calcium arsenate, with a buffer. The deposit was also more resistant 
to weathering and growth of fruit than where the oil was lacking. 

The second deficiency of calcium arsenate, i.e. poor control, has been 
found to be due, as suspected, in a large measure though perhaps not 
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entirely, to its lack of adhesiveness. This difficulty has already been 
partially remedied so that calcium arsenate mixtures fifty per cent more 
effective than lead arsenate have been used with safety. By “‘lead ar- 
senate”’ is meant that material used alone in the same amount as calcium 
arsenate and for the same number of applications. 

The calcium arsenate mixtures so far used have been more readily 
removed by hydrochloric acid washing solution than lead arsenate alone. 

Although it has not yet been possible to increase the effectiveness of 
calcium arsenate to the point that lead arsenate may be improved (by 
the addition of, for instance, petroleum oil-oleic acid and triethanola- 
mine) there are now good indications that it may shortly find consider- 
able use in the arid apple growing regions if present lead residue restric- 
tions are maintained or increased. 
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PROGRESS REPORT ON THE INTERVAL METHOD OF 
APPLYING OIL SPRAYS FOR THE CONTROL OF THE 
CALIFORNIA RED SCALE ON LEMONS' 


By WALTER EBELING, University of California Citrus Experiment Station, 
Riverside, Calif. 


Incidental to studies made in regard to the effect of oil spray on the 
various stages of the California red scale, Aonidiella aurantit (Mask.), 
the writer? has shown that all stages of the insect below the mature adult 
stage are comparatively easily killed with oil spray. This was shown 
both by a study of the penetration of oil into the spiracles of the insects 
in their various stages and by actual counts of the numbers of mature 
and immature insects succumbing to a normal spray treatment. This 
investigation suggested methods of control based on the proper timing 
of several sprays, of a low concentration of oil directed against the im- 
mature stages of the red scale. It was thought that this treatment might 

1Paper No. 331, University of California Citrus Experiment Station and Graduate 
School of Tropical Agriculture, Riverside, California. 

_ *Ebeling, W. A study of the effect of oil spray on the various stages of the Cali- 
fornia red scale. Unpublished manuscript, 1935. 





966 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


effect a satisfactory control of the insect with reasonable safety to the 
tree. 

English and Turnipseed (1933) have shown the desirability of tim- 
ing oil sprays to follow peaks of emergence of scale crawlers, even in 
the case of scale insects with overlapping generations, such as the purple 
scale (Lepidosaphes beckii Newm.). Regular dosages of oil were used, 
however, the timing of the sprays being only an attempt to apply the 
oil when the insect population included a maximum of susceptible stages. 

The theory of control methods to be presented in the present paper 
differs from that of English and Turnipseed in that the dosages of oil 
are reduced far below the concentration normally used to kill the adult 
scales, and the applications are repeated at intervals, usually two or 
three times a year. Likewise, it is recognized in the case of the red scale 
that not only the crawlers are very susceptible to oil sprays, but also 
the other immature stages. 

The interval method of oil spraying, as presented in the present paper, 
depends for its effectiveness on the following factors: 

1. The immature stages of the red scale are readily killed by small 
concentrations of oil spray. 

2. The normally overlapping generations of the red scale can be 
evened up to a large extent by an oil spray of low concentration directed 
against the immature stages, so that the remaining insects are con- 
fined largely to the adult stage. The progeny of the adults surviving 
the first spray can then be killed by a second application properly timed. 
In case of severe infestation, where a high population usually occurs 
on the larger branches, a third application may be necessary because 
some of the immature insects may not be killed by the spray on the 
branches, where the oil is rapidly absorbed by the rough bark. 

3. The presence of oil on the fruit, leaves, and green twigs may com- 
pletely inhibit the settling of crawlers for a period of one week, even 
with sprays at concentrations as low as ?; or | per cent oil, and will 
reduce the percentage of crawlers able to settle and the percentage of 
survival of those that do settle for a considerable period thereafter. 
The repetition of the treatments proportionately extends the period of 
inhibition. 

4. A large proportion of the adult insects on the green twigs, leaves, 
and fruit are killed by a low concentration of oil spray, such as 3% or 
l per cent, although on the bark the effect of such low concentration 
is negligible. 

5. The physiological processes of some of the adult insects which are 
not killed by the low spray concentration are so impaired that their 
reproductive potential is materially reduced. 

6. If a treatment consisting of three sprays of low oil concentration 
applied at intervals of two months can control the red scale during the 
summer and fall months, only eight months remain from the time of 
the last treatment to the time of the first treatment of the following 
year. A large portion of these eight months comprises the winter sea- 
son, when, in normal winters, the red scale population is actually being 
reduced by natural causes. If only one treatment per year is applied, 
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twelve months normally intervene between this treatment and the 
treatment of the following year, only a small portion of which com- 
prises the season when the red scale population is on the decline. 

7. The natural mortality of scales is usually severe on the branches, 
compared to the remainder of the tree, probably because the branch 
is not as good a source of nutrition as the green twigs, leaves, and fruit. 
The red scale population was found to have been reduced 94.8 per cent 
in the winter of 1931-1932, on the basis of counts made on the branches 
of lemon trees in the fall of 1931 after spraying and in April, 1932, on 
the same trees that were counted in the fall (Ebeling, 1933). Advantage 
can be taken of the usual great winter mortality of insects on the bark 
of the branches and older twigs by spraying late in the spring, when 
the population on the bark is at its lowest ebb, and keeping the fruit 
uninfested and marketable with subsequent light sprays during the 
summer and fall. The interval treatment reaches its maximum effi- 
ciency, however, when the insects on the rough bark are first killed by 
fumigation with HCN gas, which is highly efficient in killing the red 
scale on that portion of the tree. 

8. In regard to the effect on the tree, the interval method is especially 
adapted to lemons. Lemon trees, also, are comparatively small when 
pruned in the conventional manner, so that three sprays of low con- 
centration can be applied at about the cost of a spray-fumigation treat- 
ment and at a considerably lower cost if the grower should have his 
own equipment and do a portion of the work himself, as has been the 
case in two instances cited in the present paper. 

9. A given amount of oil applied at two-month intervals may not 
be as injurious to a lemon tree as the same amount applied in one treat- 
ment. An experiment is now being made to determine the quantity 
and quality of fruit obtained from plots of 48 lemon trees sprayed by 
the interval method (two or three applications) and adjacent plots of 
48 trees sprayed in the usual manner. Packing-house records will be 
kept of the total amount and the grades of fruit picked from these plots 
during the three years beginning August, 1934. 

RESULTS OF INTERVAL TREATMENT EXPERIMENTS.—A number of ex- 
periments were begun in the spring of 1933 and are in progress at the 
present time; in these trials small dosages of oil spray (34 to 1 per cent) 
were applied at intervals ranging from 1 month to 2 months. The oil 
was applied according to the tank-mixture method (see Smith, 1933). 
The power sprayer used was one developing 450 pounds pressure, and 
having three Bean propellers on an agitator shaft turning at 180 r. p. m. 
No. 7 disks were used in the spray gun nozzles. 

Experiment 1.—Ten trees in each of three plots in a lemon grove 
near Orange, California, were sprayed with 4% per cent Grade 5 (heavy) 
oil on April 17, 1933; all of the plots were resprayed on May 11, two 
were resprayed on June 14, and one was resprayed on July 7. In every 
treatment 10 gallons of spray per tree was applied. Unit counts were 
made of the number of live red scales found on the 10 trees in each 
plot on August 24. On each tree the live scales were counted on 20 units 
of branches (a unit consisting of 2 inches of a branch as seen from one 








968 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


aspect), 20 green twigs, and 20 mature fruits. The results of these counts 
are shown in Table 1. 


TasLe 1. Unit Scate Counts SHowinc Resutts or [InteERVAL Spray TREATMENTS. COUNTS 
Mave AucGusr 24, 1933 
Scale insects 
Trees Scale insects alive per tree 
alive per tree in check 


Percentage 
Number of of oil per Date sprayed 
treatments treatment (1933) examined Unit 


. h 0 
2 % April 17 12 Peis 35 
: May 11 . Fruit ). 


April 17 Branch 1 
% May 11 10 Twig l 
June 14 Fruit ) 


April 17 
May i ‘ — Ly 

June 14 F . 01 

July 7 -_ 

The major part of the grove not occupied by the plots was sprayed 
commercially with Grade 4 (medium) oil at 124 per cent concentration 
on August 29, 1933, and unit counts were made on November 21 on 
this portion of the grove as well as on the interval spray test plots. 
The counts were made according to the system previously described. The 
results of the experiment are shown in Table 2. 


TasBLe 2. Unrt Scate Counts SHow1nG Resutts or INTERVAL SPRAY TREATMENTS AND USUAL 
Sincie Spray APPLIED IN THE FaLt. Counts MapE NOVEMBER 21, 1933 


Percentage of 
Number of of oil per Date sprayed Trees 
treatments treatment (1933) examined 


Unit Scals insects 
alive per tree 
Branch 
l 125 August 28 16 Twig 
e a April 17 Branch 
~ ba May 11 12 Twig 
April 17 Branch 
4 ay ll Twig 
June 14 
April 17 
a May 11 ; Branch 
“4 June 14 Twig 
July 7 


Experiment 2.—Soluble oil and tank mix oil Grade 1 and Grade 5 
were applied at 1 per cent concentration on September 1, and at % 
per cent concentration on September 26, 1933. Ninety-two trees were 
involved in the experiment. In this experiment no great advantage was 
found in the interval treatment over the single treatment with the same 
amount of oil of equivalent heaviness. 

Experiment 3.—This experiment was made in the Yorba Linda dis- 
trict in Orange County on mature lemon trees. Fifteen trees were sprayed 
with 1 per cent Grade 5 oil on September 28, and 1 per cent Grade 5 
oil on November 3, 1933; 15 trees were sprayed with 1 per cent Grade 
5 oil on September 28, and 1 per cent Grade 5 oil on December 1, 1933; 
and the remainder of the grove was sprayed with 1% per cent Grade 
5 oil in one treatment on October 14, 1933. Unit counts made about 
a year later in the adjoining rows of the plots are shown in Table 3. 

It is of interest to note in Table 3 that the plot in which the period 
between the sprays was 2 months had fewer scales, according to the 
unit counts, than the plot in which the period between treatments was 
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only 1 month. This difference was sufficient to be readily recognized 
by casual observation. 


TABLE 3. NUMBER oF SCALE INSECTS ALIVE PER TREE CouNTS. MADE OcTOBER 3, 1934 
Date sprayed Trees Scale insects 
Plot number Treatment (1933) examined alive per tree 
. Grade 5 oil, 1 per cent September 28 13 182.0 
November 3 
Grade 5 oil, 1 per cent September 28 13 106.5 
December 1 
Grade 5 oil, 124 percent October 14 15 163.8 


In December, 1933, microscopic examinations were made of about 
60 red scale from each plot to determine the number of embryos in the 
bodies of insects not killed by the spray. In the plot where the period 
between sprays was 2 months, an average of 0.53 embryo was found 
per mature female scale; in the plot where the period between sprays 
was 1 month, 4.55 embryos were found; and in the plot receiving the 
single treatment, 6.05 embryos were found. 

The reason for these differences is apparent when the life cycle of the 
red scale is considered. If the period between treatments be 2 months, 
the progeny of the adult scales not succumbing to the first treatment 
will not yet have become mature, under ordinary conditions, at the 
time of the second treatment, especially in view of the fact that no 
whitecaps can settle and develop for a week or so after the spray is 
applied. Consequently they will all be susceptible to the second spray 
treatment. On the other hand, a two-months’ period is sufficient to 
allow the adults not succumbing to the first spray treatment to give 
birth to nearly all embryos within their bodies. Whether or not these 
adult scales are then killed by the second spray treatment is not of 
great importance. 


TABLE 4. NUMBER OF SCALE INSECTS ALIVE PER TREE ON BRANCHES, ON Basis OF Unit Counts 
Mabe SEPTEMBER 12, 1934 
Scale insects 
Concentration Date sprayed Trees counted alive per tree 
(per cent) 
3 Nov. 6, 1933 24.1 
Jan. 16, 1934 
Nov. 6, 1933 : 24.6 
Jan. 16, 1934 
Nov. 6, 1933 50.7 
Jan. 16, 1934 
Nov. 6, 1933 
1. 16, 1934 
7, 1933 
n. 16, 1934 
r.7, 1933 
n. 16, 1934 
r. 7, 1933 
1. 16, 1934 
15, 1933 
n. 17, 1934 
wv. 7, 1933 ; 33.0 


Zp etatnwZwsZi 


a 


- is 


*The oils were all of Grade 5 (heavy) type and included emulsions, soluble oils, and tank mixtures. 


A two-months’ interval between treatments has an advantage in 
addition to that mentioned above in that it leaves less time between 
the last treatment and the first treatment of the following year, which 
must be an important consideration in view of the fact that the trend 
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of the population curve is steeply upward toward the end of the usual 
interval between yearly treatments. 

Experiment 4.—In an experiment made on lemon trees in the Yorba 
Linda district involving the treatment of 309 trees, 11 plots were sprayed 
with emulsions and soluble and tank mix oils on November 6 and 7, 
1933, and unit counts were made on the branches on September 12, 
1934. These are shown in Table 4. 

Experiment 5——On May 19, 1934, an experiment was made in a 
lemon grove in Yorba Linda in which various interval spray treatments 
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PLOT DATE INSECTS ALIVE PER CENTALIVE INSECTS ALIVE 
N R T RK* 








[h2h34 40.48 
" 16.00 
" " 29.07 
" 71. 76 
|-26-34 7 31.27 
" 32.69 
" 7.89 
|r 20-34 26.53 
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Fic. 144.—-Diagram of plots and data pertaining to Experiment 5. 


were compared to single spray treatments. The diagram of the plots 
and data pertaining to the experiments are shown in Figure 144. 
Although in the interval treatments a greater total amount of oil 
was applied than in the single treatments, the application of the oil was 
prolonged over a four-months’ period, and no significant differences in 
the vigor or productivity of the trees in the plots sprayed according 
to the interval method and those sprayed in the usual way was noted. 
Fruit from % to 1 inch in diameter was more abundant in plots 5 and 
6 (see Figure 144) than in the adjoining plot 8 when a check was made 
on the condition of the trees in the various plots in December. Vari- 
ation in soil, however, may influence production to such an extent that 
it is considered advisable to continue the treatments for a number of 





December, '35] SMITH & PERSING: NICOTINE VAPOR FOR MOTH CONTROL 971 


years in this and other lemon groves in order that repeated compari- 
sons may be made in the production of trees in interval sprayed plots 
with those in plots sprayed with the usual single treatment of 124 per 
cent Grade 5 oil. 

Discussion.—The outstanding results that have been obtained with 
the interval method of oil spray application in at least three of the ex- 
periments presented in the present paper warrant an extensive and 
thorough study of the method with a view of determining whether it 
should supplant present oil spray methods, at least in the case of red 
scale on lemons. It is possible that in cases of heavy infestations where 
three sprays are required to control the insects during the first year 
the interval treatment is used, these may be reduced to two properly 
timed sprays on subsequent years. Commercial trials on a rather large 
scale during the past year have demonstrated definitely the inadvisa- 
bility of using light oils in the interval spray method of red scale con- 
trol. This can be accounted for by the fact that light oil sprays not 
only deposit less oil, but the oil is also absorbed by the bark with much 
greater rapidity than the heavier oils. It is the belief of the writer that 
nothing lighter than a Grade 4 oil will prove satisfactory in the type 
of treatment considered in the present paper. 

It is planned to continue work along the line indicated in the present 
paper with emphasis on the following points: 

1. Further investigation on the differential existing in insect mor- 
tality resulting from a given amount of oil used (a) all in one appli- 
cation, and (b) in two or more applications. 

2. Packing-house records of the quantity and quality of fruit picked 


from lemon trees sprayed with a given amount of oil used (a) all in one 
application, and (b) in two or more applications. 

3. Experiments to determine whether a greater amount of oil can be 
used with safety on lemon trees than that which is at present considered 
safe, if the spray is applied at low concentrations of oil over an extended 
period of time. 


LITERATURE CITED 
EBELING, W. 1933. Field studies on combination treatment for red scale on lemons. 
Citrus Leaves 13 (8) : 7, 10, 17. 
ENGuisH, L. L. and Turnipseep, G. F. 1933. A method for timing sprays for the 
control of scale insects on citrus. Jour. Econ. Ent. 26(5) : 987-989. 
Surtu, R. H. 1933. The tank-mixture method of using oil spray. California Agr. Exp. 
Sta. Bul. 527 : 1-86 


FURTHER REPORT ON NICOTINE VAPOR IN CODLING 
MOTH CONTROL 


By Raven H. Smirn and CuHarves O. PersinG, University of California Citrus 
Experiment Station, Riverside, California 
lhe orchard tests that were made during the year 1934 involved the 
use of a portable fumatorium,'the object being to kill the moths with a 


‘Smith, R. H., Meyer, H. U., and Persing, C. O. 1934. Nicotine Vapor in Codling 
Moth Control. Jour. Econ. Ent. 27 : 1192-1195. 
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minimum dosage of nicotine and to carry on the treatment under 
moderately windy conditions. The dosage per tree ranged from 3 to 
10ce of 50 per cent nicotine (‘Black Leaf 50’’), for trees 24 feet in height 
and 24 feet in spread. The coverage ranged from % to 2 minutes for two 
trees treated simultaneously. The results indicated that all the moths 
present were killed with a dosage of 10 cc per tree, with a coverage of 
one minute. It was apparent, however, that the use of the portable 
fumatorium would not be practical in most orchards. 

The object of tests that have been made in the present year up to 
July 5 has been to determine the efficiency of open-air treatments, 
applying the vapor when the atmosphere is calm as in the application 
of insecticide dusts. A double fish-tail spreader was fixed to the end of 
the discharge pipe of the blower. This construction served to direct the 
vapor into the trees and enabled the simultaneous treatment of two 
rows of trees. 

The vaporizing unit was a larger model than that employed in the 
preceding year. The vaporizing chambers consisted of two brass pipes, 
each 3 inches in diameter and 4 feet in length. Air heated to about 550 
degrees F was used to atomize the nicotine, and a current of this heated 
air also flowed through the vaporizing chambers. 

The effectiveness of the treatments was determined in part by the 
use of moths confined in cages. A piece of hard pine 14% x 1% inches in 
cross dimension was used for making the tops and bottoms of the cages. 
A hole % inch in diameter was bored into one end of the timber. The 
timber was then cut into %-inch sections. A piece of fly screen was 
formed into a cage, with a solid section for the bottom and a section 
with a hole in the middle for the top. The moths were caught in a small 
vial and introduced into the cage. The hole was stopped with a cork. 
A strip of white muslin was fastened to the bottom of each cage in 
order to facilitate locating it after it had been placed in the tree. 

“Black leaf 50’’, a product that is 50 per cent nicotine alkaloid, was 
used in the tests. 

Tests MapgE ON TREES WITH DeENsE Fo.iaGe.—The first test® in- 
cluded the use of a block of densely-foliaged apple trees, 6 rows wide and 
11 trees long. A cage containing two moths was placed near the center 
of each tree, about nine feet from the ground. The vaporizer was driven 
between alternate rows, and a stop of % minute was made between 
each two trees. The time required for treating the 66 trees was 26 
minutes. The atmosphere was calm, but there was an appreciable drift 
of the vapor across the block. Examinations made early the following 
morning showed that a total of only three moths were alive. These 
were in cages in two adjacent trees at the end of the rows where it was 
noted during the application that a full treatment had not been given. 
The dosage was 24.5 cc of “Black Leaf 50’’ per tree. The effective 
dosage was probably considerably less than this amount since un- 
vaporized nicotine flowed from the vaporizing chambers throughout 
the treatment. 


*The authors desire to acknowledge the cooperation in this test of A. D. Borden, 
who participated in making the application and in checking the results. 
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Tests MADE ON TREES WITH LIGHT FoLiaGE.— Several tests were 
made in an apple orchard in which the trees are planted 24 feet apart 
and are about 16 feet high, and bear a rather small amount of foliage. 
This condition tends to permit a rapid dispersion or drifting of the 
vapor and, it is believed, affords a rather extreme test of the treatment. 
The vaporizer was driven between alternate rows ot trees, in the same 
manner as in the test described above. In tests 1, 2, and 3, cages con- 
taining moths were fastened to the tips of branches of alternate trees on 
even-numbered rows. They were placed on the opposite side of the tree 
from the vaporizer. This arrangement also provided a rather extreme 
test because the vapor had to pass entirely through the tree before 
reaching the caged moths. 

A block of trees 4 rows wide and 18 trees long was used in the first 
test. The vaporizer was stopped for one minute between each two trees. 
The dosage of nicotine averaged 47.2 cc per tree. The atmospheric 
movement was sufficiently strong at times, so that the vapor was not 
driven through the trees on the windward side of the vaporizer. Of 9 
moths in cages in row 2, only one survived. The surviving moth was in 
the tree at the end of the row. Of 9 moths in row 4, which was on the 
windward side of the vaporizer, 5 survived. Row 2 also was on the 
windward side of the vaporizer, but it received the drift of the vapor 
that was applied to rows 3 and 4. Some moths were killed in cages that 
were 2, 4, and 6 trees away from this treated block, which received the 
drift of the vapor. 

In the second test a block of 252 trees, 14 rows wide and 18 trees long, 
was treated. The vaporizer was stopped % minute between each two 
trees. The dosage of nicotine averaged 21.2 cc per tree, and 78 minutes 
were required in treating the block. At times, there was a rapid drift 
of the vapor. There were 32 cages scattered throughout the block, fast- 
ened to the tips of branches on the opposite sides of the trees from the 

vaporizer. The moths in 10 cages survived. Four bait pans were in the 
treated block and the same number were in each of two adjoining blocks. 
The treatment was started at sunset. The following morning 3 moths 
were found in the pans in the treated block. Ten moths were found in 
the pans of the one untreated block, and 13 in the other. 

The third test was made two days after test 2, and included the use 
of the same 252 trees that were treated in test 2. The vaporizer was 
driven slowly between alternate rows, without stopping. Thirty-six 
minutes were required for the treatment. The dosage of nicotine average 
9.5 ce per tree. There was scarcely any appreciable drift of the vapor. 
Ten cages were placed through the block, fastened to the tips of branches 
on the opposite side from the vaporizer, as in the preceding tests. The 
moths in two cages survived. The following morning no moths were 
found in the bait pans of the treated block. Nine moths were found in 
the pans of the one untreated block, and 7 in the other. 

In all the tests described above, the efficiency of the treatment was 
reduced because of the loss of unvaporized nicotine that flowed from 
the front of the vaporizing chambers. This difficulty was overcome by 
extending the atomizing nozzles farther into the chambers and by 
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modifying the flow of heated air through the chambers. In addition to 
this improvement, the fish-tails were changed so that the vapor was 
discharged directly into the trees, at right angles to the rows instead of 
diagonally backward between the rows. With these improvements, th« 
fourth test was made on a block of 72 trees, 4 rows wide and 18 trees 
long. 

Two cages were placed in each tree in rows | and 2, the one cage near 
the center of the tree and the other on the tip of a branch on the opposite 
side from the vaporizer. One cage was placed in each tree of rows 3 and 4 
on the tip of a branch on the opposite side from the vaporizer. The 

vaporizer was driven slowly between the rows without stopping. The 
time required to make the treatment was 18 minutes. The dosage was 
14.6 cc per tree. The atmosphere was sufficiently calm so that the vapor 
completely enveloped the trees. An examination of the cages was made 
a half hour after the treatment had been made. It appeared that only 
moths were alive and these were paralyzed. However, when the cages 
were examined seven hours later, nine moths were found to be alive, 5 
of which were markedly paralyzed. 

PRACTICABILITY AND Cost.—The plan for making a practical test 
of the value of the nicotine-vapor method in the control of the codling 
moth had to be abandoned during the present year because of the failure 
of the apple crop in the district where the test otherwise could have been 
made. While the data are far less extensive than is desired, the observa- 
tions indicate that it will be possible to kill the moths in an orchard at 
any given time by the use of 15 to 30 cc of 50 per cent nicotine per tree, 
applied when the atmosphere is calm. The dosage required will depend 
on the size of the trees and upon conditions that influence the dispersion 
or drifting of the vapor. The latter factor is probably the most important 
consideration with regard to the practical utilization of this method of 
control in different districts. The highest degree of efficiency is obtained 
when the atmosphere is dead calm. The tests reported above were made 
in the evening after sunset and early in the morning before sunrise. 
In general practice it will be necessary for the person who makes the 
treatment to have at his disposal a gas mask of the canister type, 
provided with a mask to cover the face and eyes, which can be put on 
when needed. Our experience indicates that the hazard involved in 
applying the vapor is not particularly great. A gas mask* was used only 
once in the course of our tests. With the prc yper equipment only one man, 
the driver of the truck, would be required for making the treatment of 
an orchard. 

The nicotine vapor treatment presents a number of possibilities 
as regards the control of the codling moth. Life-history studies have 
indicated that the moth begins to lay eggs two days after emerging and 
continues to lay them for a period of several days. 

There is the possibility that control may be effected by destroying 

*Gas masks of the type described are used in many industries, and there ar 
probably several manufacturers of such equipment. The manufacturers known to us 
are the American-La France and Foamite Corporation, Elmira, N. Y.; and the E. D 
Bullard Company, San Francisco, California. 
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the moths of the spring brood every two, three, or four days during the 
period of egg-laying activity. The frequency with which the treatments 
should be made in order to prevent egg-laying is a question that would 
have to be answered by trials. There is the possibility that the destruc- 
tion of the moths by one or two treatments made at the peaks of flight 
of the spring and summer broods might greatly simplify the problem of 
control by spraying. In districts where control is particularly difficult 
there is also the possibility that two, three, or four properly timed 
treatments for the spring brood and the same number for the summer 
brood might enable the grower to reduce the number of spray treatments 
sufficiently so that the removal of spray residue would not be required. 

The largest item of cost in treating an orchard would be the cost of the 
nicotine. The present retail price on the Pacific Coast of $42.00 for a 
10-pound can (5 gallons) of “‘Black Leaf 50”’ is equivalent to .2219 cents 
for 1 cc. The cost of treatment per tree would be 3.3 cents for a dosage 
of 15 cc and 6.6 cents for a dosage of 30 cc. The labor cost would be 
small because with the proper equipment only one man would be 
required for making the treatment. With trees planted 26 feet on the 
square, 16 minutes would be required to treat an acre if the vaporizer 
were driven at the rate of 50 feet a minute, as was done in one of the 
tests mentioned above; and 32 minutes would be required if the vaporizer 
were stopped for one minute at each two trees treated simultaneously. 
The cost of an outfit designed along the lines of the one in use at the 
present time would probably not exceed $450.00. 


STUDY OF AUXILIARY GASES FOR INCREASING 
THE TOXICITY OF HYDROCYANIC GAS' 


Part 2. STUDIES WITH CITRUS-INFESTING SCALE INSECTS 
as INDICES oF ToxICcITY 


By F. S. Pratt, A. F. Swarn and D. N. ELDRED 


Following extended preliminary studies of auxiliary gases for increas- 
ing the toxicity of hydrocyanic acid gas with ladybird beetles as the 
indices of toxicity (1)*, similar studies using various species of citrus- 
infesting scale insects have been made during the past six years. Of 
some 200 chemicals used with ladybird beetles, seven stood out as mark- 
edly effective for the purpose, viz., salicylaldehyde, benzaldehyde, ethyl 
thiocyanate, allyl iso-thiocyanate, thiophenol, benzyl bromide and 
perchlor methyl mercaptan. As will be noted two are high boiling point 
aldehydes and two thiocyanates, although salicyaldehyde was distinctly 
superior to the others. 

As results had been quite outstanding with salicylaldehyde where 
ladybird beetles were used, this was tried first under a form tent, in- 
troducing the salicylaldehyde as a vapor immediately followed by vapor- 

1Contribution from the Entomological Laboratories of E. I. duPont de Nemours 


& Co, Inc., The R. & H. Chemicals Department, El Monte, California. 
2Numbers in parenthesis refer to ‘‘Literature Cited”’. 
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ized HCN, using lemons infested with red scale (Chrysomphalus aurantii 
(Mask.)) hung in a basket in the center of the tree form. An extended 
series of tests in 1926, alternating a test with HCN alone and one with 
the two gases, resulted in no particular difference in the scale kill. Fol- 
lowing these more or less disappointing results, a study duplicating the 
one with beetles was inaugurated using three species of scale insects; 
black scale (Satssetia oleae (Bern.)), citricola scale (Coccus pseudomag- 
nolarium (Kuwana)) and red scale (C. aurantit (Mask.)). 


QUANTITATIVE Stupy oF GASES 


Metuop.—Second instar citricola and black scale free from their host 
were placed in a small brass observation cell and their actions observed 
through a binocular microscope. These free-moving scale were obtained 
by permitting infested twigs and leaves to dry for a day or two. When 
these were practically dry, the scale would loosen and migrate, search- 
ing fresh hosts. The gases used were vaporized in a chamber, usually 
a five-gallon bottle, and then drawn through the observation cell by 
means of a suitable vacuum pump. Concentrations of 0.05% and of 
0.25% by weight in air were used in most cases, although with HCN 
alone several concentrations were employed. 

In the case of HCN, observations as to the time necessary to stupefy 
the scale at various concentrations and at various stages of growth of 
both black and citricola scale were made (3). 

A total of 92 chemicals, besides HCN, were tested. Of these 65 had 
no effect, 16 stupefied the insects within a very few minutes and 11 
caused active stimulation. 

STUPEFYING GASEs*® 

Ammonia (0.25%) Formaldehyde 

Carbon dioxide (50% & 100%) Methyl amine 

Chlorpicrin Methy! sulfate 

Crotonic aldehyde Methyl thiocyanate 

Cyanogen chloride (0.25%) Methylene chloride 

Diethyl amine (0.25% Nitrogen (50% & 100%) 

Ethyl methyl ketone Sulfur dichloride 

Ethylene‘ Sulfur dioxide 


STIMULATING GASES® 


Aldol (0.25%) Iso propyl alcohol 
Benzyl chloride (0.25%) Mesityl oxide 
Chloral Methyl acetate 
Ether Methyl! butyrate 
Ethylene‘ Methyl formate 
Methyl propionate 


GASSES SHOWING NO VISIBLE EFFECT 
Acids: acetic, hydrofluoric, formic 
Aldehydes: acetyl-, benz-, butyric-, par-, propionic-, salicyl- 
Allyl: alcohol, bromide, iso-thiocyanate 
Amyl: acetate 
‘Unless otherwise stated stupefaction or stimulation was caused by both concentrations, 0.05 per 


cent and 0.25 per cent by weight in air. 
‘Stimulating for 2 or 3 minutes followed by stupefaction. 
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Butyl: alcohol, amine, iodide, nitrate 

Ethyl: acetate, brom-acetate, bromide, chloracetate, formate, valeriate 

Ethylene (compounds): bromide, chlorhydrin, chloride 

Isoamyl: acetate, alcohol, nitrate 

Iso propyl: bromide, formate 

Methyl: alcohol, chlorcarbonate 

Nitriles: aceto-, phenylaceto- 

Phenols: o-bromo-, p-bromo-, o-chlor-, phenol 

Propyl: acetate, alcohol, amine, bromide 

Miscellaneous halogens: benzoyl chloride, bromoform, bromotoluene, carbon 
tetrachloride, chloracetone, chlorbenzene, epichlorhydrin, ethylidene chloride, 
phosphorus trichloride, propylene chlorhydrin, tetrachlorethane, trichlorethane. 

Miscellaneous compounds: acetone, acetophenon, aldol (0.05%), benzyl alcohol, 
carbon bisulfide, cymene, formamide, methane. 


A study of the observations noted reveals no definite clue as to effects 
on the scale of any particular group of chemicals with the exception 
of the methyl compounds. Of 11 of these under observation, two had 
no visible effect, three were stupefying, particularly at the higher con- 
centrations, while six were distinctly stimulating or irritating. Practi- 
cally none of the ethyl, propyl and butyl compounds showed any visible 
effects. In other words, the methyl esters were in general stimulating, 
while the higher esters (ethyl, propyl and butyl) were inert. 


Toxicity STUDIES 


In these studies it was originally planned to use only those compounds 
which showed the most marked effects on motile scale as indicated by 
the visual observations, i. e. only those that were distinctly stupefying 
or markedly stimulating. All three species of scales were used, the bulk 


of the experiments being with those strains of the citricola and red scale 
showing the greatest tolerance to HCN. 

When using red scale as the index of toxicity, lemons infested with 
scale were exposed to the gases for suitable lengths of time and at suit- 
able concentrations, after which they were held, either out-of-doors, or 
in some cases in a constant temperature room, for a sufficient period 
of time to permit ready determination of mortality. Where citricola or 
black scales were used, infested cuttings were planted in sand, exposed 
to the gases, and then stored in a cold frame under conditions of satu- 
rated atmosphere. It had been found in previous work (2) that this 
method was entirely satisfactory. 

Several methods of treatment were employed as follows: 

. Exposure for 10 minutes or more to a constant concentration of the 
auxiliary gas in one fumatorium, followed by exposure for 40 minutes 
to a constant concentration of HCN in a second fumatorium. 

. Exposure for 10 minutes to a constant concentration of the auxiliary 
gas, addition then of HCN and a further exposure for 40 minutes to 
the combination of the two gases. 

3. Exposure for 40 minutes to a combination of the auxiliary gas and 

HCN at constant concentrations. 

. Exposure to constant concentrations of the auxiliary gas and HCN 
with samples of infested material withdrawn at 10 minute inter- 
vals, making exposures of 10, 20, 30 and 40 minutes. 
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5. Exposure for 10 minutes to a decreasing concentration of the auxiliary 
gas, addition then of HCN and a further exposure for 40 minutes 
to a decreasing concentration of the two gases. This method has 
been described (2) in a previous paper and is one that most nearly 
duplicates field fumigation practise. . 
A concentration of 0.05% by weight® of the auxiliary gas was usually 

employed although in some cases this was increased to as much as 
0.15%. Concentrations of HCN varied from 0.05% to 0.15%. The 
standard citrus fumigation schedule (20 cc. per 100 cubic feet) gives 
an average mean concentration of approximately 0.10% for 40 minutes 
exposure. Check tests with HCN alone were made periodically at differ- 
ent concentrations and that concentration which left a percentage of 
surviving scale approximating normal field results was chosen. 

In all this work the attempt was made to find some auxiliary gas 
that would so increase the toxicity of HCN that the last few per cent 
of scale normally surviving fumigation would be killed. While it is 
possible that fine variations may be more readily noted where a mor- 
tality of approximately 50% is obtained in experimental work, yet it 
is the opinion of the authors that because of the great inherent vari- 
ation of individual scale insects in their susceptibility to insecticides, 
particularly to fumigants, conclusions drawn from data on a median 
lethal dose would, in many cases, be entirely erroneous insofar as de- 
termining the value of the fumigant in effecting commercial control of 
the scale insects. The first 90% to 95% of the scale are relatively easy 
to kill, the remaining 5% to 10% are the ones that offer the serious 
problem. In many cases in economic entomology a control of 85% to 
90% is entirely satisfactory, but with scale insects infesting citrus in 
Southern California 2% and often 0.5% survival is a failure from an 
economic standpoint. Hence the authors agree with Pierce (3) in his 
recent statement that ‘‘in economic entomology we are not seeking to 
kill 50%; we are seeking to kill 100%. That is our goal, and hence is 
the most important point to determine.”’ This was always in mind and 
results are all based on the goal of 100% kill. 


RESULTS 

Rep ScaLe.—The first tests made with red scale were on the basis 
of exposures of 10, 20, 30 and 40 minutes to a constant concentration 
of a combination of an auxiliary gas and HCN with the purpose in 
mind of shortening the time to obtain 100% kill, or in other words of 
straightening the time-toxicity curve. The gases used were those which 
had shown best results with ladybird beetles, viz. salicylaldehyde and 
benzaldehyde, and some others that had been reported as of value as 
fumigants, viz. methyl acetate (4), methyl and ethyl formates (5, 6), 
pyridine (7), tetrachlorethane (8) and ethyl chloracetate (9). Of these 
none showed any added efficiency over HCN (Fig. 145) alone except a 
possible slight increase from methyl acetate at a concentration of 0.05% 
(Fig. 146). Increasing the concentration of methyl acetate to 0.075% 


SAll concentrations are expressed in terms of per cent by weight in air. 
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did not increase the toxicity as much as did the lower concentration, 
and neither showed an increase that could be considered significant 
from a statistical standpoint 

In using 0.10% HCN an added material under condition of these 
tests would have to obtain a kill of 100% in less than 40 minutes to 
be of any appreciable value. Furthermore foliage tests showed that 
the addition of 0.05% methyl acetate to 06.10% HCN caused serious 
injury. 

Later a large series of tests with red scale were run in which a con- 
siderable number of the esters of the fatty acids were used under ex- 
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Fic. 145.—Time-toxicity curves show- Fic. 146.—Time-toxicity curves show- 
ing that addition of Salicylaldehyde ing that the addition of Methyl 
and Benzaldehyde to HCN do not acetate to HCN increases only 
shorten the time to kill red scale slightly the kill of red scale. 


posure method number 5 above, viz., after 10 minutes exposure to a 
decreasing concentration of the auxiliary gas, HCN was added and the 
exposure continued to decrease for another 40 minutes. In these the aver- 
age mean concentration of HCN was 0.06% for the 40 minutes and 
three concentrations of the auxiliary gases were respectively 0.06%, 
0.08% and 0.10%. The four lower esters of the four lower fatty acids 
were used, the higher esters of the higher fatty acids having a boiling 
point too high for ready vaporization. The previous visual observations 
had shown that certain of these had marked effects on the scale, particu- 
larly some of the methyl compounds, and others of them had. been re- 
ported in literature as being of value. Of these 16 esters, four in pre- 
liminary tests showed indications that they might be of value so a 
greatly extended series of these four was made. However in this ex- 
tended series of experiments none resulted in any increased toxicity 
while two (methyl propionate and propyl propionate) distinctly de- 
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creased toxicity. The following table shows the results obtained, ex- 
pressed as the ratio of percentage of scale surviving exposure to the 
combination of the auxiliary gas and HCN to the percentage scale sur- 
viving exposure to HCN alone. A ratio greater than 1.0 indicates de- 
creased toxicity while a ratio of less than 1.0 an increased toxicity. 
TABLE 1. Ratio oF THe Per cent Rep Scace Survivinc Exposure To A COMBINATION OF HCN 


AND AN AUXILIARY GAS TO THE PER CENT SURVIVING A StmILarR Exposure TO THE SAME 
CONCENTRATION OF HCN ALone 


Average mean concentration 40 minutes 
0.06 % 0.08 % 0.10 % 
Auxiliary gas 2nd molt Adults 2nd molt Adults 2nd molt 


Ethyl acetate... .. : . ' 08+0.05 0.920.1 1.1+0.1 0.9 +0.1 1.0+0.05 
Ethyl butyrate......... ‘ a 1.0+0.1 1.3+0.3 1.0+0.04 1.2+0.2 0.9 +0.1 
Methyl propionate. ° d . 1. 2.0+0.3 1.1+0,1 1.8+0.1 


3 +0. 
Propyl propionate . . i d ad 2.4+0. 1.2+0.2 2.74+1.0 0.9 +0.1 


Biack ScaLge.—Black scale on cuttings from the Covina Valley was 
used in all tests, and although only a comparatively few auxiliary gases 
were tried, quite interesting results were obtained. For instance, with 
carbon dioxide, where the scale were exposed for a few minutes to CO, 
before exposure to HCN, there was a very definite occurrence of ‘pro- 
tective stupefaction’ (2), but where the exposure was to a combination 
of CO. and HCN, the results were no different than those obtained 
with the same concentration of HCN alone. In the former case where 
a 40 minute exposure to 0.10% HCN left a 3.2% survival, when the scale 
had just previously been exposed to a 2% concentration of CO, the sur- 
vival was 7.6%, to 5% COs 7.4% and to 10% CO. 10.4%. Where the 
exposure was to a combination of CO, and HCN for 40 minutes the re- 
sults were: HCN alone 3.9% survival, with 2% CO, 4.2%, 5% COsz 
2.2% and 10% CO. 4.0%. This verifies findings reported previously 
(1) where ladybird beetles were used as indices of toxicity, which showed 
that CO, does not increase the efficiency of HCN as a fumigant (10). 

Certain other gases showed a distinct retarding influence on the 
toxicity of HCN, e. g. a 10 minute exposure to 0.05% ethyl ether prior 
to exposure to HCN increased the scale survival from 3.6% for HCN 
alone to 11.2% for the combination. This was also true for chloral at 
0.05% concentration while at 0.025% concentration the exposure to 
chloral showed no effect. 

None of the other gases used, except methyl thiocyanate, had any 
measurable effect on the toxicity of HCN to black scale. Exposure for 
40 minutes to a decreasing concentration of HCN starting at 0.30% 
left 2.1% surviving scale, to methyl thiocyanate starting at 0.15% con- 
centration 5%, while to a concentration of methyl thiocyanate start- 
ing at 0.15% to which at 10 minutes was added 0.30% HCN and con- 
tinued at the same rate of reduction for 40 minutes, 1.0% scale sur- 
vived. Unfortunately serious injury resulted from this combination. 

CitricoLa ScaALE.—Much more extended experimentation was carried 
on with the citricola scale, due to the fact that in certain localities since 
1926 this scale had been extremely resistant to HCN. Kills from nor- 
mal field fumigations of only 40% to 50% have not been unusual. For- 
tunately during the winter and spring of 1933-34 this particular species 
of scale practically disappeared from the Southern California citrus 
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districts where previously it had been a major pest and to date very 
little, if any, has reappeared. For purposes of this investigation it was 
an excellent test species for if any gas used in conjunction with HCN 
would result in a high enough percentage of kill to effect commercial 
control, it would have been of very great value. 

The first extended series of tests were made with various esters of 
fatty acids. Here preliminary exposures to 0.05% of the auxiliary gas 
for 15 and for 30 minutes respectively were followed by 40 minute ex- 
posures to 0.10% HCN. In the following table (Table 2) is shown the 
ratio of scale surviving exposure to a combination treatment to that 
surviving exposure to HCN alone. A ratio less than 1.0 indicates in- 
creased toxicity and greater than 1.0 decreased toxicity. 

Taste 2. Ratio oF Per cent Citricoca ScaLe SuRvVIVING ExposuRE TO A COMBINATION OF 


Auxitiary Gas AND HCN To THE PER CENT SURVIVING A SIMILAR EXPOSURE TO THE SAME 
CONCENTRATION OF HCN ALONE 


Auxiliary gas Conc. 0.05 0.05 0.15 0.15 
Name Time 15’ 30’ 15’ 30’ 
Methyl formate........ or ; ; 89-+ .06 1.01.14 1.08+.05 1.13.05 
Methy] acetate  atiecehi de Sri enaokane 1.26+.24 91+ .06 88 1.41 
Methyl propionate. .. ‘ ve ‘ , 80+ .08 1.02+.5 
Methyl n-butyrate. .. ‘ satan ‘ .93+.09 96+.01 


As will be seen none of these was of any material assistance in increas- 
ing the toxicity of HCN to citricola scale. From the percentage of scale 
surviving a permissible concentration of HCN the ratio as expressed in 
the above table would have to be less than 0.50 for the auxiliary gas 
to be of any real value. 

With a miscellaneous group of other gases two methods were em- 
ployed. In one after a 10 minute exposure to a constant concentration 
of the auxiliary gas HCN was added and the exposure to the combi- 
nation continued for 40 minutes. In the other the same procedure was 
followed except that a decreasing concentration was used. In the fol- 
lowing table (Table 3) are shown the results of some of the tests which 
are typical of the entire group of gases tried. A ratio less than 1.0 in- 
dicates increased toxicity and greater than 1.0 decreased toxicity. 

TABLE 3. Ratio oF PER CENT OF CiTRICOLA SCALE SURVIVING EXPOSURE TO A COMBINATION OF AN 


Auxitrary Gas AND HCN To tHe PER CENT SURVIVING EXPOSURE TO THE SAME CONCEN- 
TRATION OF HCN ALONE 


Constant Decreasing 


Auxiliary gas concentration concentration 
Ammonia ‘ ‘ ; —_—— -98 +.05 
Ethylene oxide sua ee : : : 1.00 +.09 <a 
Formalde hy de we , : . - —_——— .63 +.13 
Methane (n atural gas). sueudetebeeus : .81+.08 a 
Methylene chloride. . . eee . , —_—— .71+.04 
Methyl thiocyanate bon dwatkaeerea — pa oe _ 1.36 +.11 34-5 .03 
i. . ccucenbads+neraeean a alts &bieieat er : 84 +.03 -—-- 
Sulfur dioxide. .. ‘ aene jueeath es ; , ‘ 1.13 +.27 81+.06 


In only one case did any of the gases show a marked increase in tox- 
icity over HCN alone, this exception being methyl thiocyanate when 
used at a decreasing concentration. This is of particular interest be- 
cause such a treatment practically duplicates field conditions where 
after the introduction of the fumigant under the tent the concentration 
is rapidly lowered through escape of the gas through the tent. While 
from the standpoint of control of both black and citricola scale, results 
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with methyl thiocyanate as an auxiliary to HCN were very promising, 
its use on citrus is prevented because of the serious injury caused by 
even such a low concentration as 0.02% in combination with HCN. 


CONCLUSIONS 

These studies indicated that although certain chemicals in the vapor 
phase had a very marked stimulating effect on motile black and citri- 
cola scale and that others readily stupefied them, only one in combi- 
nation with HCN increased the toxicity of the latter gas to any appre- 
ciable extent. This one (methyl thiocyanate) was in itself quite toxic 
to scale and it is quite probable that the increased toxicity of the combi- 
nation of HCN and methyl thiocyanate was due primarily to that fact. 
Unfortunately such serious injury to citrus foliage resulted from the 
use of this combination, even when the methyl thiocyanate was used 
at a concentration as low as 0.02% by weight in air, that its use is not 
commercially feasible. 

It was interesting to find that none of the gases used approached 
HCN in toxicity to either scale insects or ladybird beetles (1). A fur- 
ther interesting point brought out was that when scale, prior to ex- 
posure to HCN, were exposed to a gas which had a stupefying effect 
on them, often their susceptibility to HCN was markedly decreased. 
This is a verification of the theory of “protective stupefaction’”’ (2, 11) 
which has previously been demonstrated with sublethal concentrations 
of HCN. 

While from the viewpoint of the original purpose of this project, viz. 
to find some gaS which when used in conjunction with HCN would in- 
crease the toxicity of the latter to scale insects, the results were negative, 
the authors hope that they will stimulate others to study along similar 
lines, so that possibly some auxiliary gas will be found which will in- 
crease the toxicity of HCN to scale insects infesting citrus. If this occurs, 
the time and effort spent on this study will have been of value. 
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FUMIGATION OF CITRUS WITH A FORM TENT' 
By A..F. Swarn and R. P. BUCKNER 


In the fumigation of citrus with hydrocyanic acid gas tents for cover- 
ing the trees are made of canvas, usually 8 oz. U. S. Army Duck. Al- 
though strong and tightly woven they are far from gas tight. In fact the 
charge of HCN is almost entirely dissipated 45 or 50 minutes after 
introduction under the tent. Although this loss of the HCN seems on 
the face of it to be a waste of material, there are certain distinct advan- 
tages. Tents are relatively light in weight, easy to handle, and with 
proper care, have a long life. In order to have a high enough concentra- 
tion of HCN for a sufficiently long period of time to kill scale, a rather 
high dosage must be introduced under the tent. This is of considerable 
value, for it has been shown that a high initial concentration of HCN 
decreasing at a relatively rapid rate is more efficient in killing scale than 
a constant concentration, where the concentration times exposure factor 
is the same (1)*. Furthermore, a high initial concentration gives little 
opportunity for a sublethal concentration in any portion of the tree and 
thereby reduces the chances of “‘protective stupefaction”’ (2,3). From 
a practical standpoint this absence of HCN under the tent when it is 
removed 45-50 minutes after its introduction results in little inconve- 
nience to the operators. Should the entire original charge of HCN still be 
under the tent at the time of its removal, the concentration in the air 
would be more than the operators could endure when 50 to 60 tents are 
removed one after the other. 

On the other side of the picture, it is a common observation that scale 
on the outer parts or periphery of the tree are more apt to come through 
fumigation alive than those well inside the tree. It has been thought 
that this may be caused by the concentration of HCN possibly being 
lower there, due to the interchange of gases through the tent fabric. 
The experiments reported here were made for the purpose of throwing 
light on this point. 

Form TREE ExpERIMENTS.—In the fall of 1931 a preliminary series 
of experiments were run where the concentrations of HCN were deter- 
mined simultaneously at the center of the tree and touching the tent. 
In these experiments a form, simulating a tree, was covered with a 
standard 8 oz. U. S. Army duck tent. This form was 30 feet over and 

‘Contribution from the Entomological Laboratories of E. I. duPont de Nemours 


and Company, the R. &. H. Chemicals Department, El Monte, California. 
*Numbers in parenthesis refer to ‘‘Literature Cited’’. 
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40 feet in circumference, requiring 13 units of HCN by the standard 
dosage schedules. Fruit infested with yellow scale (Chrysomphalus cit- 
rinus Coq.) were hung adjacent to the sampling tubes in the center of 
the form and touching the tent. Fig. 147a shows an HCN concentration 
curve for the two points, which is an average of 8 tests, all with the HCN 
applied by a Hydro-Cy Atomizer. It will be noted that touching the 
tent the concentration was lower throughout the entire period of expo- 
sure than at the center and the average mean concentration was only 
60% as high. Scale mortality counts showed that in the center of the 
form there was a survival of 0.28 + 0.12% while at the tent the survival 
was 2.74 + 0.48%, or in other words, almost ten times as high a per- 
centage of scale survived at the tent as at the center of the form. 
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Following these preliminary tests, concentrations were taken under 
the tree form at points touching the tent, 2 inches, 4 inches, 6 inches, 
and 18 inches in from the tent and at the center of the form (6 feet 9 
inches). All points were 6 feet 6 inches above the ground and the HCN 
was introduced at a point near the ground where a line from the center 
of the form to the outside passing through the nozzle formed an angle 
of 135° with a line passing through the ends of the sampling tubes. The 
HCN was introduced as a vapor by means of a Vaporizer. In Figure 147b 
the HCN concentrations for the different points are plotted over the 
time of exposure and show quite distinctly the effect of leakage at the 
different distances from the tent. At 18 inches from the tent and at the 
center of the form the concentrations were practically identical, but 
as the tent was approached the concentrations were lower. In Table 
are shown the average mean concentrations and their relation one to the 
other. 

These tests not only showed the differences in concentrations at the 
points indicated but verified the results of the preliminary tests where 
the concentration at the tent was but 60% of that at the center of the 
form. 
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TABLE 1. MEAN CONCENTRATION OF HCN at DirrerRENT DISTANCES FROM THE TENT, AND THE 
Ratio OF SAME TO THAT AT THE CENTER 
Per cent of 
Average mean concentration 
Location of sampling tube concentration HCN at center of tree 
Center of tree. .... ‘ 0.165 100.0 
18 in. from tent... as oe ‘ .164 99.4 
6 in. from tent....... , 142 86.1 
4in. from tent.... - : 134 81.2 
2 in. from tent _ noes : 117 70.9 

uching tent ene er : P .105 63.6 

FieELD EXPERIMENTS.—In the fall of 1934 a series of field fumigations 
was carried on at East Whittier, on lemon trees heavily infested with red 
scale (Chrysomphalus aurantit Mask). In these tests two trees were 
fumigated simultaneously using vaporized HCN at the 24 cc. schedule. 
One tree was covered in the regular manner with a standard 8 oz. U. S. 
Army Duck tent, while over the adjoining trees was placed a form 
(Fig. 148) made of 34 inch pipe of such a shape that when covered, no 
portion of the tree came within 18 inches of the tent.* The form was 
built in two portions, so that they could be placed over the trees by 
sliding them on from the sides, rather than having to lift the entire form 
over the tree. In these first experiments the tent was pulled over the 
form after it was in place in the same manner as it would have been 
pulled over a tree. In later experiments, each half of the form was 
covered with tent material permanently, so that the extra labor of 
removing the tent before moving the form and then replacing it was 
eliminated. 

The form covered with a tent measured 40 feet over by 50 feet around 
and required 21 units of HCN. The trees themselves when covered in the 
regular manner averaged 28 x 40 feet, which required 10 units of HCN. 
(Fig. 149.) Hence it will be seen that approximately twice as much HCN 
was required under the form as under regular fumigation. Samples of 
HCN in air under the trees taken at regular intervals showed that the 
average concentration was actually higher under the trees covered in 
the regular manner than under the form, the average mean concentra- 
tion for 40 minutes being respectively 0.138% and 0.128% HCN by 
weight in air. 

A total of eight tests was made on three nights, October 28th, 30th, 
and November Sth. Two to three weeks later infested fruits, twigs and 
leaves were picked from each tree, both from the periphery of the tree, 
i.e. within 4 to 5 inches of the outside, and from well in toward the 
center, these being kept separate one from the other. Care was taken 
in selecting samples to obtain fruit, leaves and twigs with approximately 
the same degree of infestation. Mortality counts were made of the scale 
on the fruits, and records made of the number of live scale present on 
the leaves and twigs. 

In making mortality counts, fifteen fruit were picked from the periph- 
ery and fifteen from well inside of each tree. No scale younger than 
the second molt were counted, while those from the second molt on were 


‘The authors wish to express their appreciation to Mr. C. L. Holmes, Pest Control 
Manager of the Murphy Ranch Co., for his excellent cooperation in this work. It was 
at his suggestion that these field tests were carried on; he constructed the form and 
turnished not only the trees and form, but the tents and labor as well. 
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Fic. 148.—-Form of 3,” pipe for holding covering over citrus tree in such a 
manner that the tent will not touch the tree. 
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Fic. 149.—Trees covered with form (left) and in regular manner (right) 
showing difference in sizes. 
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separated into two groups; (1) second molt and early grey and (2) late 
grey and mature adults. Table 2 shows the results with scale on fruit 
from the periphery of the trees. 


TABLE 2. REGULAR Vs. Form FumMIGATION, MurpHY RANCH, WHITTIER, OCTOBER AND NOVEMBE! 
1934. Oursipe Frvit 


Regular Form 
Adult 2nd molt Adult 
Percent Total Percent Total Percent 
alive No. alive No. alive 
665 5.6 389 0.7 475 0 
527 6.7 372 0 371 0 
636 6.7 449 0 413 0.2 
678 0.6 663 0.5 612 0.2 
599 4.7 508 0.8 334 0.3 
343 0.9 345 1.2 106 0 
60 3.3 378 0.5 187 2.7 
437 22.3 865 1.0 571 1.8 


2nd molt 


Date Date Se Total Percent Total 
fumigated inspected No. No. alive No. 

10/29 11/8 611 13. 

474 22 

11 

1. 


‘ 

: 469 ; 

10/30 11/20 514 : 
687 

11/20 793 
128 

1187 


Doki wAco 


3945 6.35 3969 0.60 3069 0.64 


4863 


These results are typical and show that the difference in scale kill is 
quite uniform, in every case there being a higher per cent surviving 
scale on outside fruit with regular fumigation than with the form 
Summarized results on twigs and leaves as well as on fruit are shown in 
Table 3. 

TABLE 3. SUMMARY OF RESULTS: REGULAR vs. Form FuMIGATION, MuRPHY RANCH, WHITTIER, 

OCTOBER AND NOVEMBER, 1934 


Regular 


Fruit (per cent surviving scale) 
Outside ‘ R ee ee ee 8.46 +1.38 
Inside...... ‘ . 0.25 +0.17 


2.75 +0.62 0.25 +0.05 


Twigs (number live scale per foot) 
ae 0.62+0.36 0.04+0.08 


Outside 
Inside 

Leaves (number live scale per 100 leaves) 
Outside ‘ eens ; 10.40 +0.31 0.64 +0.17 
Inside. . beans éeouuke ‘ os 1.804049 0 


It will be observed that there was no appreciable difference in results 
under the form tent between scale taken from well in toward the center 
of the tree and those taken from near the periphery of the tree. In the 
trees fumigated in the regular manner, however, there was a very great 
difference, there being a many times higher percentage alive on the 
outside fruit than on the inside and many more live scale per unit area 
on outside twigs and leaves. 

The infestation had increased on the trees fumigated in the regular 
manner to such an extent that it was necessary to refumigate them on 
April 15, 1935, but on the trees fumigated under the form, no further 
treatment has as yet been necessary. An inspection on May 29th, 1935 
showed the scale infestation to be in approximately the same condition 
as it was six months earlier on those fumigated in the regular manner. 

Following these results, a larger experiment was made on the same 
ranch the latter part of March, 1935. In this experiment, a block of trees 
was fumigated with the form, and an adjoining block in the regular 
manner. Results were checked in the same manner as before except that 
percentage counts were made of scale on leaves and twigs as well as on 
truit. 
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Tasie 4. SumMARY OF RESULTS: REGULAR vs. Form FumiGation, Murpuy RANcH, WHITTIER, 
Marcu, 1935 
Regular Form 
Fruit (per cent surviving scale) 
Outside , 3.83 +0.78 
Inside ‘ 1.14+0.19 
Twigs (per cent surviving scale) 
Outside ‘ : 1.81 +0.26 0.69 +0.23 
Inside ; 0.62 +0.42 0.76 +0.21 
Leaves Sin rcent surviving scale) 
Outsi 6 eo - 1.35 +0.24 0.63 +0.31 
iealie.. ‘ - ; 0 0.23 +0.10 
Total (per cent surviving scale) 
Outside ees 2.33 +0.28 0.82 +0.17 
Inside obbees 0.65 +0.15 0.91 +0.21 
Twigs (number live scale per foot) 
Outside 2.19 +0.76 0.70 +0.25 
Inside ‘ 0.82 +0.39 0.74+0.18 
Leaves (number live scale per 100 leaves) 
Outside pave ‘ 5.60 +1.28 1.95 +0.92 
0 1.03 +0.45 


1.1520. 
1.7520. 


Inside 


It will be noted that there were approximately three times as high a 
percentage of surviving scale on the outside in regular fumigation as 
under the form. Except for two trees with the form, where results were 
much poorer than on the others, for some obscure reason, the difference 
was very much greater. A check of fumigation results in an adjoining 
block where trees were covered in a regular manner showed that on 
the two rows treated at the same hours as these two the scale kill was 
very much poorer than on the remaining rows. The following table 
(Table 5) shows the results obtained with the form tree when these two 
trees were eliminated from the calculations. 

Tasie 5. SumMarRY oF Resutts: Recuiar vs. Form Fumication, Murpuy Rancu, WHITTIER, 
Cauir., Marcu, 1935, Trees Coverep sy Form 

Per cent surviving scale 

Outside Inside 


Fruit vous 0.53 +0.11 0.45 +0.14 
0.20 +0.05 0.36 +0.05 


Twigs 
0.50 +0.34 0.25 +0.17 


Leaves 


Total ; : 0.41 +0.12 0.35 +0.08 


The results of this experiment compare very favorably with the earlier 
one and with the form tree test. In other words under a tent form the 
scale kill is uniform throughout the tree, and equal to that toward the 
center of the trees fumigated in the regular manner. The scale survival 
at the periphery of the trees in regular fumigation was many times 
higher than in the more interior parts of the trees. 

Conc.usions.—It has been proved that in fumigation of citrus trees 
the concentration of HCN is lower near the tent than well in toward 
the center of the tree. In fact, there is a definite relationship between 
the concentration of HCN and the distance in from the tent, for several 
inches at least. This lowered concentration naturally would be expected 
to result in a poorer scale kill on the periphery of the tree, and such has 
been found to be the case. This can be offset however, by the use of a 
form for holding the tent a foot or so away from the tree. In fact, 
experiments reported showed that at the periphery of the tree, as much 
as 10-15 times as high a per cent scale survived fumigation under 
the regular method of covering a tree as under the form. 

The form used in these experiments was rather awkward and cumber- 
some, and required extra time and labor to manipulate, but the principle 
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of using a form of some type has been shown to be of value. It is hoped 
that a form may be developed which can be handled readily and which 
will be commercially practical. When such is accomplished, better 
fumigation will result. 
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A COMPARISON OF CRITERIA OF SUSCEPTIBILITY IN THE 
RESPONSE OF DROSOPHILA TO HYDROCYANIC ACID 
GAS: I. STUPEFACTION TIME AND MORTALITY 


By C. I. Biiss', London, England, and B. M. BroapBent*, Whittier, California 


Two principal criteria have been used in laboratory tests of insecti- 
cides—those in which the individual insect is classified either as dead 
or living at a predetermined period after treatment, and those in which 


the time of a given toxicological response, usually death, is recorded. 
Methods have been described elsewhere (2) by which data obtained 
in investigations of the first type can be analyzed with precision, but 
no comparable study has yet been made of the more difficult problems 
which arise in interpreting data obtained by the second experimental 
method. The purpose of this and the following paper is to analyze origi- 
nal experimental records that bear upon this problem, with especial 
reference to the relation of one criterion of susceptibility to the other. 

These experiments had their inception in a study by Broadbent and 
Young* on four different sources of hydrocyanic acid gas for box fumi- 
gation. As one of the more promising methods for continuing the study 
of the effectiveness of hydrocyanic acid poisoning, it was decided to 
study the response to hydrocyanic acid of a rapidly breeding insect 
which could be reared easily in large numbers. For this purpose Dro- 
sophila melanogaster Meigen proved the most convenient. The experi- 
ments were carried out in the laboratory of the Bureau of Entomology, 
U. S. Department of Agriculture, at New Orleans, La., between Febru- 
ary and November 1928. With the recent development of suitable 
statistical tools by which these data might be analyzed, and preparatory 
to resuming and enlarging the scope of the investigation, it has seemed 

‘Formerly entomologist, Division of Fruit Insect Investigations, Bureau of 
Entomology, U. S. Department of Agriculture. 

*Assistant entomologist, Division of Fruit Insect Investigations, Bureau of Ento- 
mology and Plant Quarantine, U. S. Department of Agriculture. 

‘Unpublished manuscript. 





990 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


desirable to put these earlier experiments on record. Many of the con- 
clusions are necessarily tentative and subject to later confirmation or 
correction. 

MATERIALS AND Metuops.—The original stock of Drosophila melan- 
ogaster, from which the flies for the present experiments were reared, 
was started from wild flies collected at a fruit store in New Orleans in 
January 1928. All experimental flies were descendants from this stock 
and reared on banana agar. Most of these flies were fumigated within 
24 hours after they had emerged, and flies older than 3 or, at most, 5 
days were used only for comparative purposes. Flies were transferred 
directly from the stock breeding bottles or from feeding bottles contain- 
ing fermented ripe banana to short sections of glass tubing about 3 mm. 
in diameter, in which they were later exposed to hydrocyanic acid gas. 
These sections were joined in series with rubber tubing, the flies being 
separated from one another by small, loose wads of cotton. The train 
of tubes, supported at each end by a clamp, was then inserted in the 
fumigation assembly. 

The hydrocyanic acid gas was generated in a 12-liter glass aspirator 
bottle by the action of atmospheric moisture on a charge of granular 
calcium cyanide. The concentration could be controlled roughly by 
varying the amount of calcium cyanide, usually 100 to 200 mg., in- 
troduced into the generator. A heavy, white oil, which had been shown 
to be inert toward the hydrocyanic acid gas, displaced the air-hydro- 
cyanic acid gas mixture in the generator, forcing it through the train 
of glass tubes containing the flies into an absorbing solution of sodium 
hydroxide. The amount of cyanide absorbed was determined volumetri- 
cally with silver nitrate, and since the volume of the mixture forced 
through the absorbing solution was known from the volume of oil added 
to the generating bottle, the concentration of hydrocyanic acid gas in 
air leaving the fumigation tubes could be computed in milligrams per 
liter. The generator was given a fresh charge of calcium cyanide at the 
beginning of each day’s experiments, and usually the fumigations were 
completed by noon. 

An hour or two was allowed for the gas to generate before the fumi- 
gation was started. In the procedure which was finally adopted for 
the majority of the experiments, the calcium cyanide residue was re- 
moved after a generation period of 1 hour and before any flies were 
fumigated. At the same time the humidity of the air in the generator 
was controlled at approximately 70 per cent by aspirating it through a 
saturated solution of sodium chloride as it entered the generator when 
the oil from the previous day’s experiment was being drained. 

The apparatus was assembled in an insulated dark room, which was 
relatively free from rapid, marked changes in temperature. Most of 
the experiments were made without temperature control. The mean 
day temperatures were as low as 22° C. (71.6° F.) and as high as 28° C. 
(82.4° F.), and averaged 26° C. (78.8° F.). The relative humidity, which 
was not controlled, ranged from 35 to 79 per cent, averaging about 60 
per cent. The variation in these environmental factors probably con- 
tributed to the rather high variability in the toxicological results. 
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The standard experimental procedure was briefly as follows: Ten or 
twenty flies were confined in a train of glass tubes which was attached 
to the outlet of the generator and to the delivery tube leading into the 
absorbing solution of sodium hydroxide. Oil in a separatory funnel was 
then allowed to flow into the generator at the rate of 0.10 to 0.13 liter 
per minute (in August this rate was reduced to 0.04 to 0.06 liter per 
minute), and at the same time the pinchcock closing the delivery tube 
from the generator was opened. After the required exposure time, as 
indicated by a stop watch, the flow of oil into the generator was cut 
off, the pinchcock closed, and the train of tubes containing the flies re- 
moved immediately from the apparatus and attached to a water-oper- 
ated suction pump to flush out the hydrocyanic acid gas. The tubes 
were then separated from one another by removing the rubber con- 
nections and set aside on the table on a layer of cotton to avoid rolling 
or jarring, although they were disturbed more or less when the recovery 
time was being recorded. 

Several different effects of the treatment were noted upon individual 
flies. Stupefaction time (from the start of fumigation to the onset of 
complete paralysis) was noted with a stop watch for several flies in all 
series and for all flies in several series. Frequently in the second set 
only two individuals were fumigated together. Recovery time (from 
the end of fumigation to the first visible movement) was usually de- 
termined by observation at frequent intervals and was recorded for all 
flies that were not killed outright. Flies that never recovered were so 
recorded. Following recovery, the flies were transferred to food, or oc- 
casionally to a cool, moist container, and observed for the next day or 
two to determine if they were still alive. In this way partial recovery 
was distinguished from complete recovery. 

On the basis of the experimental procedure, the length of exposure 
to hydrocyanic acid gas and the concentration of the gas were the two 
important factors common to all series. The length of treatment was 
timed with a negligible experimental error, but determinations of the 
concentration to which each series of flies was exposed were necessarily 
less accurate. Although the amount of cyanide absorbed from the air 
which had passed over the flies was obtained by a reliable volumetric 
method, measurements of the volume of air displaced by the oil were 
less accurate. When successive determinations upon the same charge 
in the generator differed appreciably, the concentration for each ex- 
posure was approximated by a graphic method. Although free moisture 
was avoided, there was indirect evidence of adsorption within the stan- 
dard train of glass tubes containing 20 flies, more probably on the cotton 
partitions, rubber connections, and glass walls than on the flies them- 
selves. In 125 separate runs, the stupefaction times for the two flies 
nearest the generator averaged 28.7 seconds in comparison with 43.2 
seconds for the two flies farthest from the generator. These differences 
in stupefaction time may be attributed to adsorption at the beginning 
of a treatment, which prevented a full concentration of the gas from 
reaching the last insects in a series as quickly as it did those nearest 
the generator, a difference possibly of 15 seconds. From one-tenth to 
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less than one-third of this 15-second difference was probably due to the 
time required for the front of the hydrocyanic acid gas to pass from 
the first pair to the last pair of flies in the series because of the relatively 
slow rate of gas flow through the fumigation tubes. The exposure was 
usually long in comparison with stupefaction time, and neither recovery 
time nor the proportion of nonsurvivors was correlated with position 
in the row of tubes. 

STUPEFACTION.—The first effect of hydrocyanic acid upon adult Dro- 
sophila was to stimulate muscular activity, but this soon became un- 
coordinated and then ceased altogether. The period up to this point 
was used in measuring the stupefaction time. Fumigation was nearly 
always continued after the onset of paralysis, and when this was done 
narcotized flies with their wings in a nearly normal position (folded 
horizontally over the back) usually exhibited one further muscular 
change during which their wings were pulled down along the sides of 
the body, extended vertically above the back, or were otherwise dis- 
torted. Although paralyzed flies with their wings in a nearly normal 
position usually recovered, an abnormal wing position did not indicate 
that recovery was impossible. 

The wing positions for flies fumigated on August 17 with 1.40 mg. 
of hydrocyanic acid per liter have been tabulated in Table 1. It is shown 
that the percentage of stupefied flies with wings in a nearly normal po- 
sition decreased as the exposure was lengthened. Of the 58 flies in this 
series which recovered from the fumigations, 23 died the following day, 
and of these 23 flies only 2 (9 per cent) had their wings in a nearly nor- 
mal position. The 35 flies that lived 2 days or longer, on the other hand, 
included 15 (43 per cent) with normal wings. It is apparent (1) that 
initial muscular paralysis or stupefaction represented an early stage in 
hydrocyanic acid poisoning, from which recovery was complete if fumi- 
gation was then interrupted; and (2) that the onset of convulsive rigor, 
indicated by the abnormal position of the wings, occurred before hydro- 
cyanic acid poisoning was either partially or wholly irreversible. There- 
fore, the timing of paralysis, under continuous exposure to hydrocyanic 
acid gas, could give only a partial index to toxicity. 

TasLe 1. Posttion oF THE WiNGs oF StupiFieD Drosophila melanogaster AFTER DIFFERENT 


Periops oF Exposure to Hyprocyanic Acip Gas At A CONCENTRATION OF 1.40 MG. PER 
Liter on AuGust 17, 1928. Fries CLassiFiep as Recoverep (R) anp Not Recoverep (NR) 


Number of flies after each fumigation period 
1 minute 2 minutes 4 minutes 6 minutes 8 minutes 10 minutes Total 
Position of wings NR R NR NR R NR R NR R NR R NR 
Down... : } 2 4 6 3 12 15 23 38 
Spread! l : , 2 4 5 2 9 15 
Up ; ‘ 4 5 e+ € 
17 0 


Nearly normal 


Total. . din een 3 17 : f 4 6 14 3 17 0 20 58 #«6i1 


10f the 24 flies grouped under the general heading ‘‘Spread,"’ there were 13 with wings spread down, 5 
Pe is 


with wings spread, and 6 with wings pointing in opposite directions, all showing a similar toxicological 


response. 


The initial step in analyzing the data on stupefaction time was to 
select a function of time in terms of which the variation in the pre- 
paralytic period of hydrocyanic acid poisoning would be distributed 
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symmetrically. If this could be done, the average stupefaction time 
would be approximately equal to the median, and for any given con- 
centration would represent the time necessary to stupefy 50 per cent 
of the population, and so would facilitate comparisons with other mea- 
sures of susceptibility. On October 19, 238 flies were fumigated for 1 
minute each, 2 at a time, with a concentration of hydrocyanic acid of 
1.20-1.22 mg. per liter. One half of these flies, the one at each exposure 
nearest to the generator, emerged on the morning they were tested and 
were timed in respect both to the preparalytic period and to recovery. 
Since comparison of the mean stupefaction time of male and of female 
flies showed no significant difference (tai, = 1.810, P = 0.076), the 
two sexes were combined for further analysis. The stupefaction times, 
which ranged from 0.27 to 0.60 minute, were then arranged in each of 
three frequency disicteutionn, one with gre uping intervals of 0.02 min- 
ute, a second with reciprocals for grouping intervals (in units of 0.1) 
and a third with logarithms for grouping intervals (in units of 0.015). 
From these three distributions of the same data, the following constants 
and their standard errors have been computed: 


Reciprocals Logarithms 

Minutes of minutes of minutes 
Mean stupefaction time 0.3989 + 0.0059 —2.5815 + 0.0380 —0.4050 + 0.0064 
Standard deviation 0.0635 + 0.0042 0.4135 + 0.0272 0.0699 + 0.0046 
Measure of asymmetry, g; 0.5273 + 0.2209 0.2401 + 0.2209 0.0497 + 0.2209 


The measures of asymmetry, g;, for the three distributions showed a 
significant degree of asymmetry in the arithmetic distribution (in min- 
utes) but a symmetrical distribution when the minutes to stupefaction 
were converted either to reciprocals or to logarithms. On the basis of 
this experiment, our most extensive one, the individual variation in 
the length of the initial stage of hydrocyanic acid poisoning has been 
assumed to be normally distributed in terms of the logarithm of time. 

Over most of the dosage range, the length of the preparalytic period 
depended upon the concentration of hydrocyanic acid. As has been 
pointed out, the flies nearest the source of hydrocyanic acid gas were 
stupefied more quickly than those at the far end of the train of fumi- 
gation tubes. In order to avoid this experimental error, only the two 
flies nearest the generator in any one test have been used for estimating 
the preparalytic period. The logarithm of the stupefaction time for 
each fly was tabulated against the concentration of hydrocyanic acid, 
the concentrations were grouped so that the number of flies in each 
distribution ranged from 12 to 53 with two series of 119 flies each, and 
the mean logarithm of the stupefaction time was then computed for 
each group. The geometric means of stupefaction time determined by 
this procedure represent the length of exposure required to immobilize 
50 per cent of the flies at each concentration, and have been plotted 
against the concentration of hydrocyanic acid in Figure 150. Omitting 
the aberrant observation at 1.11 mg. per liter, the relation between 
concentration and length of exposure necessary to paralyze 50 per cent 
of the flies has been fitted satisfactorily below a concentration of 1.6 
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mg. per liter by the equation: C**t = 0.47, where C = concentration 
of hydrocyanic acid in milligrams per liter and t = length of exposure 
in minutes. This type of equation has been shown by Clark (4) and 
others to be applicable to many kinds of toxicological action. It has 
been adopted here not only because it is consistent with the logarithmic 
transformation of stupefaction time but also because its use facilitates 
the comparison of the different criteria by which the susceptibility of 
Drosophila to hydrocyanic acid has been measured. Since in this form 
the equation probably should be corrected for the minimum concen- 
tration which will produce stupefaction, the curve should not be ex- 
tended to cover concentrations below those tested experimentally. 
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Fic. 150.—Relation between the concentration of hydrocvanic acid (C) and time 
(t) required to stupefy 50 per cent of the adult flies of Drosophila melanogaster. 
Below a concentration of 1.6 mg. of hvdrocyanic acid per liter of air, the equa- 
tion of the curve is C*%t = 0.47, omitting the aberrant observation at 1.11 mg 
per liter. The concentration for the observation shown by a cross is only 
approximate. 








At the higher concentrations the preparalytic period averaged longer 
than that given by this formula, and its mean, 0.32 minute, represented 
apparently the minimum time required to paralyze 50 per cent of the 
flies with concentrations in excess of 1.6 mg. per liter. Whether this 
minimum is to be regarded as the shortest time in which a given quan- 
tity of the gas can diffuse into the insect regardless of the concentration 
or as a latent period primarily attributable to the reactions which fol- 
lowed fixation of the poison is not determinable from this experiment. 
When the concentration was well below 1.6 mg. per liter and the vari- 
ation in stupefaction time resulted primarily from a faster or slower 
rate of drug fixation, the length of the preparalytic period was pre- 
sumably a better index to susceptibility than when the concentration 
exceeded 1.6 mg. per liter and stupefaction time was limited by other 
factors. 








December, '35] BLISS & BROADBENT: DROSOPHILA CRITERIA IN FUMIGATION 995 


THE RELATION BETWEEN DosaGE AND IMMEDIATE MoRrTALITY. 
Under this heading we may consider those responses to hydrocyanic 
cid in which the unit of measurement was the percentage of nonre- 
covery or immediate mortality among those exposed to a given treat- 
ment. The dosage in these experiments was determined by two vari- 
ables which were altered experimentally, concentration of hydrocyanic 
acid and duration of exposure. Since the length of exposure always ex- 
tended beyond the onset of stupefaction, flies were exposed to the poison 
at first in an active condition but later in a state of paralysis. It is not 
likely that hydrocyanic acid was adsorbed by the insect at the same 
rate under both conditions. Since the active period usually lasted less’ 
than half a minute, the results applied primarily to the paralyzed fly. 

When percentage of kill is plotted against the dosage administered, 
the results commonly describe an asymmetrical sigmoid curve, which 
may be interpreted as a cumulative frequency distribution of the vari- 
ation in the susceptibility to the poison. It has been shown (2) that 
this curve may be straightened by plotting the percentage kill in probits 
against the logarithm of the dose, and the dosage-mortality line com- 
puted with a known accuracy. The method proved to be applicable 
to the present data. Because dosage was determined both by the con- 
centration of hydrocyanic acid and by the length of exposure, a concen- 
tration-mortality curve was computed for each exposure period which 
had been tested at several concentrations. This procedure tended to 
neutralize the systematic errors inherent in the data. Experimental 
errors due to biological differences in the flies tested on different days 
and in different months, to peculiarities in environmental conditions or 
handling, and to inaccuracies in estimating concentration tended to 
cancel one another and exerted their most disturbing effect within a 
known statistical framework. 

At exposures for 2, 4, 5, 6, 7, 8, 10, 15, and 16 minutes, enough differ- 
ent concentrations were used to enable each corresponding concen- 
tration-mortality curve to be computed. All the observations on one 
day (May 7) were discarded because of a lack of consistency between 
successive fumigations. Three single fumigations of 20 flies each at 4, 
5, and 6 minutes on three different days showed an aberrantly high 
kill when plotted, illustrated by the ‘‘crossed off’’ circles in Figure 151, 
and were discarded as experimental errors. All other tests on flies that 
had been handled in the standard way for these exposure periods were 
included in calculating a series of concentration-mortality curves. Four 
of these curves are shown by the solid lines in Figure 151, which repre- 
sent the standard regression lines as computed from the observations. 
They have been based on the data of both sexes, since a detailed com- 
parison had shown that the dosage-mortality relations of the males did 
not differ significantly from those of the females within the accuracy 
of our dosage-mortality determinations. The data as a whole were dis- 
tinctly heterogeneous. As judged by the x? test (columns 2 and 3 of 
Table 2), only two of the nine series, the one at 6 minutes (from which 
one aberrant point has been eliminated) and that at 15 minutes, showed 

variability within the limits of sampling error. 
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Fic. 151.—Transformed concentration-mortality curves giving at four different 
exposure periods the immediate mortality of adult Drosophila melanogaster 
in probits as a function of the logarithm of the concentration of hydrocyanic 
acid measured in milligrams per liter of air. Circles that have been crossed off 
have been omitted in computing the curves; shaded circles represent values 
for either 0 or 100 per cent mortality estimated in probits by the method of 
maximum likelihood. The solid lines have been computed from the observa- 
tions for each exposure; the broken lines represent improved estimates in slope 
based upon all periods of exposure; and the areas between the curved dotted 
lines represent the zones of possible error within which these estimates have 
been established at odds of 19 to 1. 





TaBLe.2. Constants For Eacu Periop oF Exposure aS COMPUTED FROM TRANSFORMED 
CONCENTRATION-MORTALITY CURVES FOR ADULT Drosophila melanogaster OF BOTH SEXES, 
SUCH AS ARE SHOWN IN FiGuRE 2!. 
Immediate mortality Delayed mortality. 
Median lethal con- Median lethal 
Length of Agreement of curve with Variability concentration range concentration 
fumigation observations (per cent) for P=0.5 (mg. (mg. per liter) 
(minutes) per liter) 
.75 to 2.07 1,19 
.60 to 1.80 1.13 
.36 to 1.53 82 
.27 to 1.38 .92 
.08 to 1.47 ata) 
.04 to 1.28 .65 
78to .88 .62 
15 7.98 2to .85 — 
16 12.74 .86 to 1.00 oa 
1The data in columns 2-4 are based upon the original regression coefficients and lines. The median 
lethal concentrations have been determined with the improved estimates of the regression coefficients. 
The variability is given in terms of the percentage increase in concentration which increased the 
mortality by one probit. 
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The slopes of these lines measured the variability of the flies in their 
susceptibility to the concentration of hydrocyanic acid for given lengths 
of treatment. In biological terms the slopes or regression coefficients 
may be expressed as the percentage increase in the concentration of 
hydrocyanic acid required to increase the kill by one probit unit. For 
each exposure period these indices of the rate at which a change in 
concentration “‘overcame’”’ the variability within the population have 
been given in Table 2. Although they changed from one exposure time 
to the next, the change was not at random, a significantly smaller change 
in concentration (P < 0.02) being required at the longer than at the 
shorter exposures to obtain the same increase in kill. By plotting the re- 
gression coefficient against the logarithm of exposure time and fitting 
a straight line, we obtained an improved estimate for each exposure 
time of the slope of a final concentration-mortality regression line. In 
Figure 151 the final or improved estimates have been shown by broken 
lines, which intersect the curves originally computed only from the ob- 
servations at a single exposure at the point fixed by the mean probit 
and mean logarithm. The amounts by which these improved estimates 
may have been in error, within odds of 19 to 1, are given by the dotted 
curved lines which bound each improved regression line. 

By means of the improved concentration-mortality curves, it was 
possible to compute for each length of exposure the median lethal con- 
centration of hydrocyanic acid, or the concentration that would produce 
an immediate mortality of 50 per cent of the flies. These median lethal 
concentrations have been plotted in Figure 152 (curve I); the accuracy 
with which they have been estimated within odds of 1 in 2 is shown 
in column 5 of Table 2. For exposures of 4 minutes and longer the re- 
lation between the length of exposure and the concentration of hydro- 
cyanic acid necessary to effect a 50 per cent mortality agreed satis- 
factorily with the equation C'*t = 10.2, where C is the concentration 
of hydrocyanic acid in milligrams per liter of air and t is the length of 
exposure in minutes. Although this formula has been applied rather 
generally to toxicological results, it represents only a first approxi- 
mation which probably cannot be extrapolated much beyond the hmits 
of time and concentration in the data from which it has been determined. 
The observed median lethal concentration for an exposure of 2 minutes 
was here only 80 per cent of that given by the equation, a discrepancy 
attributed to the relatively large part of the exposure (about 16 per 
cent) which occurred while the flies were in the active or preparalytic 
stage. On the basis of this observation, the fixation of poison proceeded 
more rapidly before than after paralysis. 

The present dosage-mortality results may be compared with those 
reported by other workers. In an attempt to modify by selection its 
resistance to hydrocyanic acid, Boyce (3) treated seven successive gen- 
erations of Drosophila with a standard dosage of 0.7 mg. per liter for 
45 minutes. His check flies, bred from untreated parents and totaling 
more than 45,000 individuals, showed an average of 97.5 per cent dead 
12 to 15 hours after treatment. The concentrations that would have 
produced this mortality (6.96 probits) in the present experiments were 
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in good agreement with Boyce’s result. The final equation for 97.5 per 
cent immediate mortality, C'*t = 26.3, differed materially from that 
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Fic. 152.—Time-concentration curves for the lethal action of hydrocyanic acid 
upon adult Drosophila melanogaster. The open circles indicate the median 
lethal concentrations interpolated at 5 probits from curves such as are shown 
in Figure 151 by the broken lines. The solid line (curve I) represents the im- 
mediately effective lethal concentration killing 50 per cent of the flies for each 
length of treatment. Above an exposure of 4 minutes, its equation is C’% = 
10.2. The lighter, broken lines show the same relation at mortalities of 15 
(curve II) and 85 (curve III) per cent. The heavier, shorter line (curve IV) 
and the black circles give the median lethal concentrations based upon the 
total mortality within the first 1 or, usually, 2 days after treatment. 


for the median lethal dose, C'**t = 10.2, a fact which emphasizes the 
importance of the level of mortality in determining formulae of this 
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type. The rates of poisoning in these experiments on Drosophila may 
be compared with C'-® computed from Allison’s (7) data on the cock- 
roach for ‘100 per cent”’ kill and with C'* and C'*? computed by Clark 
(4) from Barcroft’s data on goats and rabbits, respectively, for 50 per 
cent kill. 

THE RELATION BETWEEN DosaGe AND DsLAyED Mor ta ity.—In 
computing the above constants and curves, all flies that showed any 
sign of movement after fumigation were called “‘survivors” and handled 
accordingly. A considerable proportion of these survivors, however, 
died within a day or two. This is shown in Table 3, in which the post- 
treatment survival time for fumigations on 6 days has been compared 
with the length of life of untreated controls over part of the same period. 
If the survivors from any given fumigation had been counted only on 
the day of treatment, the fumigations would have been considered much 
less effective than they actually were. The flies that lived only a day 
or two after treatment failed to reproduce and often showed abnor- 
malities, most characteristically in the position of the wings, which in- 
dicated that recovery was only partial. In his experiments on the poison- 
ing of Limnorta with phenol, Shackell (5) observed a similar initial re- 
covery from muscular paralysis within a 2-hour period, followed by the 
death of half or more of the organisms some 18 hours later.‘ Tattersfield 
and Morris (6), in their toxicological experiments upon aphids, have 
classified the effect of the treatment upon the insect under four catego- 
ries and have found that the relative numbers in each of these categories 
was modified by the length of time between the treatment and the 
scoring of results. 

Tasie 3. Post-TREATMENT SuRVIVAL TIME FOR FLiEes OF Drosophila melanogaster FUMIGATED 

Wituin 24 Hours oF EMERGENCE AND RETURNED TO Foop ON THE Day THEY WERE TREATED 


Number of flies surviving indicated number of days 

Flies treated on Untreated controls, 

Length of life after treatment Feb. 29 to April 2 May 28 Peb. 29 to March 
(days) March 15 30 
44 11 ~ 
14 19 — 


mm OS SD de Gt St ee ee 


No recovery. ... 
<3... 


| ieewOoatwts @ 


acid (mg. per liter)........ 4 2 0.96-1.32 0.98 
Exposure (minutes). . . 2-1 16-20 2 


The flies that recovered only partially have been included with those 
killed outright and the basic concentration-mortality regression lines 
recomputed for most of the exposure periods. For the seven treatment 
periods up to and including 10 minutes, we calculated a series of stand- 
ard concentration-mortality curves similar to those shown in Figure 
151. Since there was no significant change in slope from one exposure 


‘Personal communicatio n. 
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time to the next, a single combined regression coefficient has been de- 
termined for the series. An average increase in concentration of 57 per 
cent was necessary in order to increase the effective kill by 1 probit. 
The median lethal concentrations have been plotted in Figure 152, and 
a curve (IV) fitted, which, at exposures of 4 minutes or longer, may be 
represented by the equation C'*t = 4.5. Two days after fumigation 
50 per cent of the flies died from concentrations of hydrocyanic acid 
that caused an immediate kill of but 15 per cent. In terms of dosage, 
the median lethal concentration to obtain a delayed mortality averaged 
66 per cent as great as that necessary to effect an immediate mortality. 


SUMMARY 


The action of hydrocyanic acid gas upon Drosophila melanogaster 
Meigen can be measured by various criteria, two of which, stupefaction 
time and mortality, are here compared. Approximately constant mix- 
tures of hydrocyanic acid and air were generated from calcium cyanide 
and atmospheric moisture, and adult flies were exposed to a stream of 
this gas for stated periods. 

At the concentrations used in these experiments, initial muscular 
paralysis or stupefaction occurred at an early stage in the poisoning, 
and the flies recovered completely if fumigation was then interrupted. 
Continuation of the fumigation led to convulsive rigor, recognizable 
from the abnormal position of the wings, from which recovery was still 
possible but less likely. The length of the preparalytic period for 119 
flies exposed to the same treatment was distributed asymmetrically when 
the original time units were used, but symmetrically and normally 
when these were first converted to logarithms or to reciprocals. The 
geometric mean of the stupefaction time, therefore, represented the me- 
dian paralytic period, and was determined for each of 19 concentrations. 
At concentrations of 0.6 to 1.6 mg. per liter, the concentration (C) and 
length of exposure (#) to produce this constant toxicological effect, were 
related as C**t = 0.47. Above 1.6 mg. per liter an increase in concen- 
tration did not shorten the stupefaction time. 

The relation between dosage and mortality was consistent with the 
interpretation that the logarithms of the individual lethal doses were 
distributed normally. At nine exposure periods, ranging from 2 to 16 
minutes in duration, flies were fumigated at four or more different con- 
centrations. A concentration-mortality regression line was computed 
for each of these periods, the coordinates being the logarithm of the 
concentration and the probit of the immediate mortality when measured 
at the time of maximum recovery. By combining the results, the con- 
centration (C) killing 50 per cent of the flies could be related to time 
of exposure (t) by the equation C'*t = 10.2 for exposure periods of 4 
to 16 minutes. The relation between the length of exposure and the 
concentration of hydrocyanic acid depended to a marked degree upon 
the percentage of immediate mortality for which it was computed. At 
97.5 per cent kill, for example, the equation changed to C'*t = 26.3, 
and was consistent with both the present results (above 4 minutes) and 
those reported previously by Boyce. 
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When mortality was recorded 1 or 2 days after treatment instead 
of at the time of maximum recovery, the concentration killing 50 per 
cent of the flies was related to the time of exposure by the formula 
C'%t = 4.5. This may be considered the effective dose, since the flies 
that died within 2 days of treatment did not recover sufficiently to re- 
produce. The effective median concentration averaged 66 per cent as 
great as that required for immediate mortality. 


REFERENCES 


ALLISON, J. B. Ia. State Col. Jour. Sci. 2: 243-252. 1928. 

. Buiss, C. I. Ann. Appl. Biol. 22: 134 167, 307 333. 1935. 
3. Boyce, A. M. Jour. Econ. Ent. 21: 715-720. 1928. 
. CLARK, A, J. The Mode of Action of Drugs upon Cells. 298 pp., London. 1933. 
. SHACKELL, L. F. Jour. Gen. Physiol. 5: 783 — 1923. 

TATTERSFIELD, F., and Morris, H. M. Bull. Ent. Res. 14: 223-234, illus. 1924. 


ORIGIN OF COLOR IN WESTERN BEESWAX 


By G. H. VANSELL, Bureau of Entomology and Plant Quarantine, U. S. Depart- 
ment of Agriculture, and C. S. Bisson, California Agricultural Experi- 
ment Station, Davis, Caltf. 


“Yellow wax” has long been a trade designation for beeswax. The 
color was presumed to be a natural characteristic of the wax, coming 
from the food consumed by the bees. We now know, however, that in 
California at least, the color is caused by contamination after the wax 
is secreted and that when the yellow pigment is removed by oxidation 
or other processes, the wax is again white. 

Wax-scale wax, as far as our tests have gone, was invariably white. 
The well-known white color of uncontaminated wax covering the 
freshly built cells of comb honey, irrespective of the color of the honey, 
represents the natural condition. Wax prepared by sugar-fed bees con- 
fined in the laboratory was white, as was that similarly obtained 
when bees were fed dark honey. A large proportion of the crude wax 
now coming from Hawaii (algaroba wax) is practically white. 

The pollens of numerous plants in the vicinity of Davis, Calif., 
carry oil- and wax-soluble substances of various yellow tints. Beeswax, 
even in the solid state, usually absorbs these pigments, and at temper- 
atures above the melting point of the wax this absorption proceeds 
very rapidly. Some pollens, however, do not release their color to the 
wax. The pollens from seven local plants were tested for this charac- 
teristic. The pollen was taken from the baskets of the bees and intro- 
duced into the various “‘solvents’’ within a short time. The results are 
shown in Table 1 

Pollen from redmaids, in bee-load quantity, liberated. sufficient 
coloring matter to give 1 cc of white beeswax a brilliant orange-yellow 
within 2 minutes, whereas that from filaree did not cause staining after 
120 minutes. 

Propolis from certain local sources also imparted some color to liquid 
white wax, but not the yellow color so characteristic of our crude 
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waxes. The greater part of this contaminating material resinified out of 
wax that was held liquid for several hours, whereas the pigments 
originating from those pollens that carried the oil-soluble colored com- 
pounds were not so affected. 


TasLe 1. Cotor Impartep TO BEESWAX AND OTHER SOLVENTS BY SoME PoLLeNns at Davis, Catt 
Color imparted to— 


Petroleum ether 
Kind of pollen Natural color anda white mineral Xylene at room White beeswax at 
oil at room temperature 68° C. (154.4° F.) 
temperature 
Redmaids : Orange yellow Brilliant orange Brilliant orange Brilliant orange 
yellow yellow yellow 
Brilliant orange Bnilliant orange Bnilliant orange 
yellow yellow yellow 
Dandelion............ Bright yellow Bnght yellow Bnght yellow Bright yellow 
Deciduous fruits 
(Cherry, peach, plum) Yellowtobrown Yellow Yellow Yellow 
Mustard (black). . .. Light yellow Light yellow Light yellow Light yellow 
Broom . Orange red Shght orange Trace of orange Trace of yellow- 
yellow which quickly ish orange 
faded 
Filaree Bright red None None None 


California poppy....... Golden 


Preliminary tests by H. R. Guilbert, of the California Agricultural 
Experiment Station, indicate that the oil-soluble coloring materials 
liberated by the wax-staining pollens are carotinoid pigments. According 
to Bertrand and Poinault', the orange-colored pigments of the pollen 
from mullein (Verbascum thapsiforme) consists wholly of carotin. Except 
that they are apparently soluble in neither oil nor water, the nature of 
the pollen pigments that do not affect the white wax is unknown at 
present to us. Our studies clearly show, however, that the hues of the 
local crude beeswaxes, excluding the metal stains’, originate for the 
most part from the pollens. 


OBSERVATIONS OF THE HABITS AND SEASONAL LIFE 
HISTORY OF ANARSIA LINEATELLA IN CALIFORNIA 


By Laurence S. Jones',? 


During the spring and summer of 1932 and the spring of 1933, the 
California State Department of Agriculture maintained in Sutter 
county, California, a project devoted in part to a preliminary considera- 
tion of the seasonal life history of the peach twig-borer, Anarsia linea- 
tella Zeller, (Lepidoptera, family Gelechiidae). 


‘Bertrand, G., and Poirault, G. 1892. Sur la matiere colorante du pollen. Compt. 
Rend. 115 : 828-830. 

*Bisson, C. S., and Vansell, G. H. 1935. Beeswax investigation results. Gleanings 
Bee Cult. 63 : 141. 

'Junior Entomologist, California State Department of Agriculture, 1931-1933. 

*The project was under the supervision of D. B. Mackie, Supervisor of JEntomol- 
ogy, and H. K. Plank, Supervising Entomologist, of the California State Depart- 
ment of Agriculture. E. H. Fosen of that department assisted with the field work. 
Members of the staff of the University of California Agricultural Experiment Station, 
notably A. D. Borden and F. H. Wymore in 1932 and Gordon L. Smith in 1933 
cooperated in the collection of much of the data. 
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The investigations dealt with the oa of the twig-borer on 
peaches. The work was confined to the Sacramento valley, and most 
observations were made in Sutter, Yuba and Butte counties. In that 
region the production of peaches, particularly cling-stone varieties for 

canning, is of primary importance. The most important cling-stones 
are the Tuscan, Midsummer and Phillips varieties, which ripen in that 
order. The Midsummer varieties include some eight or ten named 
types, and have been most used in recent planting. 

History.—The peach twig-borer is believed to be a native of Europe 
or Asia; it was described by Zeller in Germany in 1839. The insect was 
first observed to be a pest in the United States by Glover (5) in 1872, 
who reported the occurrence of an infestation in a Maryland peach 
orchard. 

The first collection of the borer in this country was made, however, 
twelve years earlier by Clemens who reared the moth from larvae 
infesting plum trees. Clemens then described the species under the 
specific name of pruinella, and assigned it doubtfully to the genus 
Anarsia. Later he recognized the species as the lineatella of Zeller. This 
summary of the original identification of the species in America, and a 
bibliography including a reference to the original description, is con- 
tained in a report by Lintner (8) in 1882 recording the occurrence of 
the twig-borer in New York. 

The peach twig-borer was being discussed as a pest in California by 
1887; at the State Fruit Growers’ Convention for that year Klee (7), 
state fruit-pest inspector, in answer to questions by growers stated that 
the ‘‘peach moth”’ had been known in the state for a number of years 
and was constantly spreading. During that discussion one grower 
stated that fifty per cent of the early peaches shipped from his district 
had been attacked by the borer. 

The insect now occurs in almost every section of North America 
where peaches are grown. 

Clarke (2) in 1902 and Duruz (4) in 1923, in papers which represent 
the most comprehensive studies of the twig-borer in California, indicated 
that considerable damage to peaches was being done in some districts 
at those periods. For the past decade the annual loss attributable to the 
insect has varied. Each year in the Sacramento valley the production of 
some orchards has been considerably reduced by twig-borer infestations, 
but at the same time much acreage has escaped injury. It has been 
observed that the heaviest infestations have appeared in different 
icreages from year to year, and it has been difficult to correlate this 
condition with the pest-control procedures followed. The total amount 
of damage done has varied from season to season, but no orderly cycle 
of borer appearance has been recognized. 

In 1931 there occurred what has been termed an epidemic infestation. 
During that season infestations were general, and some orchards were 
unharvestable because of the destruction of as much as eighty per cent 
of the crop by larvae. During the three seasons since that year of un- 
precedented loss, the amount of injury has been similar to that observed 
previously. 
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Injury.—Anarsia lineatella attacks peaches, apricots, nectarines, 
plums or prunes, and almonds. The primary loss to the peach, apricot, 
nectarine, and plum growers caused by the twig-borer arises from the 
feeding of the larvae upon the fruits. Most of this feeding is done after 
the fruits begin to ripen, although immature fruits are sometimes 
attacked. Peaches, particularly, are attacked in all stages of develop- 
ment from blossom to maturity, but as stated, practically all injury is 
done just preceding harvest. In fact, after any fruit ripens additional 
loss may be attendant upon each day of delay in picking. The latest 
ripening varieties normally show the heaviest infestations. In almonds 
the larvae confine their feeding largely to shoots, and therefore have 
attracted little notice. 

It is apparent then that most of the feeding of the larvae of all genera- 
tions, except those finding ripe fruit, is done on blossoms or leaf buds 
and on twigs or shoots. This injury is considered of little consequence 
in California since growth is rapid, and the pruning effected by the 
borers is visible for only a short period. An exception to this is the 
deforming of nursery stock or young trees by the destruction of terminal 
shoots. 

The presence of twig-borers in peach or apricot orchards causes a loss 
exceeding the value of the fruit destroyed, since as the degree of infesta- 
tion rises, the picking and sorting costs increase. In the instance of can- 
ning peaches, strict tolerances are maintained regarding the amount of 
cull fruits which may be delivered in each box; thus only a moderate 
borer population may disrupt the orderly harvesting of the crop. 


DESCRIPTION OF STAGES 


EGG.—tThe eggs of Anarsia lineatella measure approximately 0.4 mm. in length 
and 0.2 mm. in width. When first deposited they are white or cream colored, but in 
a few hours assume their characteristic light orange tint. As the eggs incubate the 
orange hue becomes darker, and just before hatching they appear tawny in color. 
The larval head capsule appears as a dark spot inside an egg a few hours before it 
hatches. The egg surface is densely reticulated. 

LARVA.—The newly hatched larvae approximate 0.5 mm. in length. Mature 
larvae average 10 mm. in length. The overwintering.larvae are usually brownish; 
those found feeding on twigs or fruit are brown, dark red or pinkish. 

PUPA,—The chrysalis is light to dark brown, and measures 5 mm. to 6 mm. in 
length. 

ADULT.—The moths have been technically described by several authors. They 
are approximately 8 mm. long with wing expanses of 15 mm. They are dark gray 
with lines of darker scales marking the forewings. The abdomen of the male is more 
slender than that of the female. 


Lire History AND HaBitTs 


In general the life history and habits of the peach twig-borer were 
seen to conform to most published accounts, except that in the Sacra- 
mento valley four generations and a partial fifth were noted in one year. 
A maximum of three generations has been recuided by observers in 
other areas. 

Craw (3) in 1893 made mention of the observations of his associate 
Ehrhorn, who believed that two generations occurred annually in the 
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Santa Clara valley. The mode of hibernation and other habits were 
described by Ehrhorn, and further information was added in 1897 by 
Marlatt (9) who made a laboratory study of the species in Washington, 
D. C., using material sent to him by Ehrhorn. Clarke (2) reported three 
broods to have appeared in Placer county in 1902. Duruz (4) in 1923 
recorded the same number after his studies centering in Yolo, Solano 
and Placer counties. 

A significant fact noted during our study was the great amount of 
overlapping of generations ascribable to variations in the rates of 
development of individuals. This condition is most conspicuous after 
mid-summer. 

SEQUENCE OF GENERATIONS.—The borers spend the winter as young 
larvae, which enter hibernation in late summer or fall, and are members 
largely of the last two summer generations. The larvae of these summer 
generations are chiefly twig and fruit-infesting but the overwintering 
population necessarily ‘afises from among them. We have been accus- 
tomed to speak of the hibernating larvae, the eggs from which they 
hatched, and the pupae and adults arising from them in the spring as 
constituting the ‘‘overwintering generation’’. The succeeding genera- 
tions are in this paper termed ‘‘summer generations’’. The terminology 
lacks congruity in that the eggs and larvae of the overwintering brood 
are actually a part of the last two summer generations, and are dis- 
tinguishable only after the larvae enter a state of true hibernation. This 
aspect will be discussed later. 

HIBERNATING LARVAE.—Anarsia lineatella spends the winter as 
small larvae which enter hibernation in the fall or late summer, as 
stated, after a very short period of feeding, or ro feeding except that 
involved in the construction of the hibernation ceils. 

Most of the hibernation cells or hibernaculae are constructed in the 
corky bark of the crotches of branches, particularly in one and two-year- 
old wood. Some are located at other points, as behind lateral buds or 
along the sides of twigs or branches in depressions formed by scars or 
due to a natural irregularity. Often several hibernaculae are found in 
close proximity. In constructing the hibernaculae, the larvae mine 
cavities and line them with silk. A brownish column or chimney of frass 
or chewed bark is erected over each cavity and reveals its presence. The 
chimneys are constructed of pellets fastened together by silk strands, 
but we did not determine how they are built. They appeaz to cover the 
holes where burrowing by the larvae was begun. 

Exodus from the hibernaculum in the spring is accomplished by 
breaking through the cell-lining a+ any point in side or top, and tunnel- 
ing to the outside or biting through the thin bark covering the shallow 
cells. Just previous to emerging, some larvae have been seen to feed in 
the spongy tissue surrounding their cells, making larger their soon-to-be- 
abandoned quarters. No feeding in this manner by larvae during the 
winter was noted, although they are sufficiently active to crawl forth 
readily when the hibernaculae are cut open during this period. 

In the seasonal history studies, the emergence of larvae from hiberna- 
tion was recorded by making frequent examinations of hibernaculae in 
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several orchards, noting the per cent containing unemerged larvae. In 
1932 the first emerged larva was recorded on February 20th, with the 
period of emergence lasting until March 15th. In this season blossoming of 
peaches began about February 25th, and reached a peak near March 
5th. In 1933, during a late spring, no emergence was observed until 
March 16th, and larvae were found in hibernation until April 17th, a 
period of 32 days as compared to the 18 days of the previous year. The 
blooming period of this season began on about March 12th and reached 
a peak March 20th. 

FreEDING LARVAE OF OVERWINTERING GENERATION.—The larvae 
on emerging from hibernation feed upon buds, blossoms, and shoots. 
The expanding leaf buds and later the succulent shoot-growth are 
usually attacked near the apex. A larva may feed only a short time 
before moving to a new location, or in a long shoot may bore through 
the pith for more than 5 cm. A small hole at the lower end of the tunnel 
may be made in gaining exit from the attacké@ twig or shoot, or the 
larva may leave at its point of entry. It is a matter of conjecture how 
many buds and shoots each larva feeds upon during its development 
Attacked growth wilts, but by the time conspicuous withering is seen 
the larva has usually moved to another point. 

The notes made on the development of this stage were likewise secured 
by periodic examinations of the several orchards selected for the study. 
All the larvae found were measured in the field. The appearance of the 
larvae of this generation was of course gauged by their emergence from 
hibernation ; the maturity of the population was indicated by the appear- 
ance of pupae. 

SUCCEEDING STAGES OF OVERWINTERING GENERATION AND STAGES 
or SUMMER GENERATIONS.—Pupae. The majority of the larvae of all 
generations pupate at points along the older branches, particularly on 
the lower parts of the trees where the rough bark furnishes the most 
advantageous places for concealment. Pupae will, however, be found in 
other places, and a considerable number of the fruit-feeding larvae 
attach themselves for pupation to the fruits, usually near the stems 
This habit is significant since much of the reduction in borer populations 
produced by the destruction of cull fruits probably arises from the 
consequent killing of these pupae or the mature larvae present. 

No cocoons are constructed. Larvae which select protected locations 
for pupation, as within curls of bark or shallow cavities, usually spin 
coarse net-like webs or screens over the spaces; those transforming to 
pupae on fruit-surfaces or in exposed places make no effort to construct 
a web, and remain unprotected. Before pupation the larva attaches 
itself at the posterior end of the body. 

Fairly satisfactory records of the times when the pupae of the different 
generations were present in the field were made during the regular 
orchard inspections. 

Adults.—The habits of the adults and the times of their occurrence 
were not satisfactorily observed. The moths are not readily watched in 
the field, and in all of the cages tried in rearing experiments they failed 
to behave in a consistent manner. Nothing has been written regarding 
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their flight habits or ability to migrate, and no data on this subject were 
secured. 

The eggs are deposited singly. When fruits are on the trees the ma- 
jority of the eggs are deposited upon them. On the fuzzy surfaces of the 
fruits they are laid loosely and are easily dislodged. The only other loca- 
tions where eggs were found were at the growing tips of spurs and shoots 
and in the crotches of branches such as are selected in the construction 
of hibernaculae; the eggs at these points appeared to be cemented 
in place. Moths in the laboratory glued eggs firmly to the sides of glass 
jars. 

In recording adult-appearance efforts were made to attract and cap- 
ture moths with the bait ordinarily used in codling moth studies; also 
trials were made using baits containing peach syrups. So few moths were 
caught that the tests were considered failures. In several experiments the 
formula recommended by Borden (1), consisting of 1 pint of Diamalt, 
19 pints of water and 1 cake of compressed fresh yeast was used; the 
other baits employed consisted of equal parts of water and dried or 
canned peach syrup, with and without yeast. No one type of bait gave 
significantly better results {han another. 

No moths were attracted to light traps employing white electric 
lights. 

In future studies an accurate means of determining moth appearance 
would be valuable. A chemotropic study might prove of use; likewise 
a test of near-monochromatic light would be interesting. In preparing 
the records of moth activity in our work only personal observations 
were used. 

The Egg.—The incubation period for the eggs was determined at 
the time when the greatest number of that stage of the first summer 
generation were present in the field. That is, the eggs were those which 
would give rise to the first summer brood of larvae. In securing this 
record 24 female moths were collected, and eight placed in each of three 
12 inch by 24 inch transparent cellulose bags. The bags were tied over 
the ends of peach branches bearing one or two fruits as well as leaves 
and succulent twig-growth. The bags were moved daily to new loca- 
tions. Upon removing each bag a careful examination of the enclosed 
area was made, and a diagram drawn on note paper showing the, posi- 
tions of the eggs laid. The shoots were tagged, and examinations made 
daily to record the hatching dates. With one supply of moths, eggs were 
secured during each of six consecutive nights. All the eggs were laid 
upon the surfaces of fruits. A total of 122 eggs were laid; it was possible 
to record the dates when 54 of these hatched. The incubation period 
varied from thirteen to eighteen days at this season. The detailed data 
of the experiment are summarized in Table 1. 

Thirty-two eggs, or 26.2 per cent of those laid, disappeared. This 
occurred largely just prior-to or following hatching. In many instances 
eggs showing evidence of being ready to hatch at the time of an inspec- 
tion could not be located on the succeeding day; possibly egg-shells 
are dislodged during the emergence of larvae, or the empty shells easily 
blown away. Seven, or 5.7 per cent of the total, failed to hatch because 
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of infertility, seven larvae died when emerging from the shells, and 22 
eggs, or 18 per cent, showed evidence of having been preyed-upon by 
the predacious thrips, Leptothrips mali Fitch. The destruction of several 
of the eggs by this species was observed. 


Tas_e 1. Resutts or INcuBATION Strupies oF Eccs or First Summer GENERATION, 1932 


’ Numbers hatching in various numbers of days Mean temps. 
Days of egg No. 13 days 14 days 15 days 16 days 17 days 18 days experienced by 
deposition each lot of eggs* 
6 4 58.8° F 
59.2° F 
59.6° F 
- 59.9° F 
- 60.5° F 
- 61.1° F 


*Refers to period between date of deposition and day when last eggs in lot hatched. 


Larvae of Summer Generations.—Larvae of the summer generations 
accomplish most of their development while boring into terminal 
growth or feeding in fruits. Most of these larvae probably enter the 
shoots or fruits immediately after hatching, but in 1932 considerable 
numbers of the newly-hatched larvae of all generations were seen to 
perform as their first activity the construction of cells identical in type 
to those used in over-wintering. Larvae were found engaged in mining 
these cells, and some in an apparently inactive state inside them; after 
undetermined lengths of time these cells were seen to be abandoned. 
One conclusion is that some larvae construct hibernaculae in the process 
of gaining their first food. If any of these larvae become inactive for 


any period an additional reason for the lack of distinctness of broods 
would be furnished. It is significant that in measuring more than six 
hundred larvae found in twigs and fruits, none were found to be less than 


two millimeters in length. All the larvae found in ‘“‘summer hibernacu- 
lae’’ measured less than two millimeters. An explanation of this situation 
may lie in the difficulty with which larvae of the smaller size are seen. 
Our study was concluded without gaining adequate information regard- 
ing the whole aspect of larval activity. 

Others have observed the occurrence of the hibernaculae during the 
summer, and concluded that these contained larvae which had entered 
hibernation and would; not emerge until the following spring. We ob- 
served this condition only after September first; the hibernaculae- 
building larvae which we watched previous to that date did not remain 
inactive. The smallest number of the summer hibernaculae were found 
when ripe fruit was available. 

The larvae develop most rapidly and populations attain their greatest 
densities on well-cared-for trees showing abundant terminal growth. 
The twig-infesting larvae of the summer generations feed in the same 
manner as those emerging from hibernation, and discussed previously. 
The fruit-feeding larva rarely attacks more than one fruit or feeds in 
more than one spot upon a single peach. Several larvae may attack 
one fruit; in 1931 as many as 15 were counted in one peach. The larvae 
in fruit typically mine cavities just beneath the skin; occasionally they 
tunnel into the flesh. The larvae enter the peaches near the stems, 
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along the seams, or at any points on the fruit surfaces. If a peach has a 
split-pit—a condition often encountered in some varieties—an attack- 
ing larva usually enters the natural crevice near the stem and feeds in 
the interior next to the pit. During the checking of some of the plots 
where control experiments were conducted in 1932, records were made 


PEAK OF 
PEAK OF MIDSUMMER HARVEST PEAK OF 
TUSCAN HARVEST FIRST TO THIRD PHILLIPS HARVEST 
ECONO WEEK IN JULY. WEEN IN AVGUST ,»FIRST I 


ERIN ENERATION 


Fic. 153.—Seasonal history of Anarsia lineatella in 1932. 


of the points of entry of the larvae in fruit. The results of this count are 
presented in Table 2. The counts in the treated and untreated plots 
are summarized separately, since the spray applications made in the 
former might be supposed to protect the fruit surfaces at some points 
more than at others. Few of the trees where these records were made 
could be said to be heavily infested, since in counting 39,815 fruits only 
880 or 2.2 per cent were found infested. Only 28 fruits were counted 
which had more than one larval entry, a condition far different from 
that to be seen in heavily infested orchards. The counts were made in 
three orchards, with Midsummer and Phillips varieties represented. 
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Taste 2. Points at Watca Larvat Entries Were Founp on PEacnues, 1932 


Total Total Number fruits 
Ty fruit number Number entries at various points having more 
f plots infested entries near stem on side inseam split pit thaa one entry 
Per cent Percent Percent er cent 


Untreated .... 350 378 41. 34.4 19. 5.6 21* 
530 537 43. 27.4 23.7 5.9 7 


*Two peaches had four entries each; three had three entries each. 


SEASONAL Lire History 


A graphic representation of the seasonal life history of Anarsia 
lineatella during the year 1932 is presented in Fig. 153. The significant 
facts represented are the durations and peaks of the populations in the 
different stages. No representation of the absolute number of a popula- 
tion is made. 

During this season Tuscans and Midsummers were lightly infested. 
Slightly higher degrees of infestation were found in the Phillips variety, 
and a few heavy losses were reported. 

It appears probable that the synchronization of the development 
of the twig-borer with the development of the peaches influences the 
degree of infestation to be found in each variety in a given year. Ob- 
viously, if the fruit in an orchard ripens at or near the time when the 
greatest number of larvae are hatching, the degree of infestation will be 
higher than if the crop is harvested when more of the borers are in the 
non-infesting stages. 


NATURAL ENEMIES 


The part played by the natural enemies of Anarsia lineatella Zell., 
in governing its fluctuations in population-density is not known. In 
1933, Keifer with the author (6) listed ten Hymenopterous parasites 
reared from the twig-borer in the Sacramento valley. Nine of these 
emerged from pupae and include: 


Ichneumonidae Pteromalidae 
Ephialtes sanguinipes (Cress) Dibrachys boucheanus (Ratz.) 
Itoplectis obesus (Cush.) Pseudomicromelus deplanatus (Nees) 
Aenoplex phryganidiae (Ashm.) Eupelmidae 
Dicaelotus pacificus (Ashm.) Fineobius californicus (Ashm.) 
Eupelmus sp. (near  brevicauda 


rawf.) 
Chalcididae 
Spilochalcis torvina (Cress) 


The additional parasite was the Eulophid, Secodella cushmani Crawf., 
the larvae of which were observed feeding upon the immature twig- 
borer larvae inside hibernaculae at all seasons of the year. 

The predacious thysanopteran, Leptothrips mali Fitch, to which 
reference was previously made, is doubtless of importance. 

Additional parasites and predators observed by other authors add 
to the list of natural enemies. It appears possible that these may be 
primary factors governing the abundance of the pest, whose importance 
during any particular year has been unpredictable. 
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FACTORS INFLUENCING CITRUS THRIPS DAMAGE 


By H. C. Lewis, California Fruit Growers’ Exchange 


Although the citrus thrips (Scirtothrips citri Moulton) occurs in 
large and damaging numbers each year in Central California, it has 
been observed that the amount of injury varies noticeably from season 
to season. Horton pointed out that in addition to some fluctuation in 


numbers of thrips there was also a fluctuation in damage independent of 
the number of thrips present." 

A number of well known factors contribute to a fairly heavy popula- 
tion each season. The insect thrives in the dry desert citrus-producing 
areas characterized by the long hot summers practically free from rain- 
fall. There are eight or more generations each season, resulting in a high 
rate of increase. It enjoys relative freedom from parasites and predators, 
no parasites being known and the predators being limited mostly to 
spiders, Chrysopid larvae, and an occasional Triphleps. With extensive 
citrus plantings it is provided with an ample food supply, and under 
favorable climatic conditions as exist in the inland citrus areas, including 
the San Joaquin and Sacramento Valleys of California and Yuma and 
Salt River Valleys of Arizona, the insect thrives abundantly. Some of 
the factors influencing damage may also be the same which limit the 
distribution of this insect as an economic pest to the hot and dry inland 
areas. However, the material presented here has only to do with the 
factors influencing damage in Central California. 

THRIPS PopuLATION AND Fruit DamMaGe.—Population counts were 
made in the field by the use of the McGregor thrips trap.? This method 
is of particular benefit in determining the approximate thrips infestation 
of an orange grove at any given time, and also serves as a foundation for 


“The Citrus Thrips,’’ Horton, U.S. D. A. Bul. 616, 1918. 
2A Device for Determining the Relative Degree of Insect Occurrence,’’ McGregor, 
Pan-Pacific Entomologist, Vol. 3, No. 1, July, 1926. 
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field observation by furnishing tangible values. Its more extended use 
was avoided because of the tedious counting involved. Only a few of the 
curves showing life stages are based on thrips counts, while for the most 
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Fic. 154.—The occurrence of the first two generations of citrus thrips is shown 
for each season as related to the daily mean temperature, daily rainfall, period 
of orange bloom, and critical period of fruit susceptibility to severe injury 
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part the occurrence of life stages, as shown in Fig. 154, is based on field 


observations. 
Determination of damage to fruit was made in the orchard, usually 


just previous to picking, by finding the percentage of thrips-scarred 
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fruit on trees at regular intervals throughout the grove. Damage to 
Navel oranges, the variety most severely injured and the only variety 
here considered, is caused largely by the second generation of larvae 
while the fruits are small. Severe injury may take place within a very 
short time under favorable conditions, as within a week or ten days 
fruit may be badly marked. 

Temperature and humidity generally have been considered by earlier 
writers as the most important controlling influences in limiting the 
distribution of citrus thrips. These factors also influence the habits and 
amount of damage caused from season to season. In order to relate 
temperature and rainfall to the amount of seasonal damage, charts 
(Fig. 154) have been constructed showing the mean daily temperature 
and daily rainfall for the period of the first two generations of thrips 
during the six-year period 1929-1934 inclusive. The occurrence of the 
life stages is shown for each season with the time of orange blossoming 
and the critical period of fruit susceptibility to severe injury. It is noted 
that the critical period corresponds with the normal appearance of the 
second generation of larvae which cause most of the damage. 

TEMPERATURE.—During the six-year period, the seasons of 1929, 
1931 and 1932 were the most severe as far as thrips damage to Navel 
oranges was concerned. Of these three, 1929 was the most severe and 
1931 probably second in severity. As shown on the charts, the daily 
mean temperature during the critical period for all three years was high, 
being well above 65°F. The season of 1930 was relatively very light as 
regards thrips damage, and the temperature was low during the critical 
period of fruit susceptibility. Injury was light that year in spite of the 
fact that 1930 was a warm early season favorable for thrips develop- 
ment, and the first generation population by actual count with the 
McGregor thrips trap was normal or above normal. The years 1933 and 
1934 were moderate in regard to damage, and again the temperatures 
during the critical period for these three years were moderate, being 
neither particularly high nor particularly low. The first of these two 
seasons was late, while the other was extremely early. The damage in 
1934 was moderate in spite of the fact that it was a very dry and warm 
spring, normally favorable for thrips development; and citrus thrips 
were abundant early in the season by actual count. 

From the above, it would seem that relatively high temperatures 
during the critical period when the fruit is most susceptible to severe 
injury leads to greatly increased thrips feeding and injury. Relatively 
low temperatures during this period result in light injury probably 
because of reduced feeding activity, delayed hatching of the second 
generation larvae, and increased mortality. This is true regardless of 
weather conditions early in the season and regardless of the abundance 
of thrips early in the season. 

The relation of temperature to damage is shown by calculating the 
“thermal units’’ for the critical period of each season. Temperature 
readings were taken every two hours from a thermograph record for 
the critical three-weeks period. The number of degrees above 70°F. for 
each reading are added to give the number of thermal units. The tem- 
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perature of 70°F. is taken as the arbitrary threshold because thrips 
activity and injury is not important when maximum temperatures are 
much below that point. 

TABLE | 
Year (Season). .. 1929 1930 1931 1982 1933 1934 
Thrips Damage Severe Very Lt. Severe Severe Moderate Moderat 
% Scarred Fruit. 45.2 2.app. 42.0 34.3 
Thermal Units 

Above 70°F..... 1625 : 1308 S94 1091 

RAINFALL.—It has been thought by growers and certain others that 
heavy rainfall in the spring when thrips are present on the foliage did 
much to reduce infestation and subsequent damage to fruit. Study of 
the charts shows no relation between rainfall and damage. In 1929 a 
heavy rain occurred during the presence of the first generation of 
larvae, yet subsequent injury to the crop was severe. In 1930 a heavy 
rain again occurred during the first larval generation but did not reduce 
the population appreciably, as the first generation adults became very 
abundant by actual count. The season of 1934 was unusually free from 
rainfall yet was only moderate as regards damage. Field observations 
have confirmed the above facts. About two inches of rain on April 7-9, 
1935 did not noticeably reduce the numbers of first generation larvae. 
Rain during the critical period, as in 1930, is normally accompanied by 
lowering temperatures and reduced damage, but rain itself has not 
necessarily reduced thrips population. 

Relative humidity readings have not been available, unfortunately 
It has been noted by previous investigators that low humidity is not 
only conducive but necessary for thrips development. Groves surrounded 
by grain or grass fields which during the summer period in Central 
California are entremely hot and dry, usually are more severely damaged 
than groves surrounded by vineyards or other cultivated and irrigated 
groves. Also, the border of a grove adjoining a dry field is usually more 
seriously affected than the center of the grove. One grove with a rank 
alfalfa summer cover crop has been observed to have less thrips than 
adjoining groves without cover crops. On the other hand, two groves 
with overhead irrigation, in which two to four inches of water are 
applied for a period of four to six hours every twenty-four days through- 
out the summer have been observed to require control measures to 
prevent injury. 

LiGHT AND SUNSHINE.—Injury by citrus thrips is limited to the 
outside wall of fruit exposed to sunshine or strong light, while injury 
to inside fruit or even fruit more or less covered by leaves near the out- 
side is unknown or of no consequence. Outside exposed fruit as well as 
young growth on the north sides of trees which is somewhat shaded is 
injured as much as any other side, which would indicate that light of 
strong intensity is necessary rather than direct sunshine. 

Sort.—Most of Central California citrus soils are heavy. Such varia- 
tion of soils as exist show no noticeable difference in regard to thrips 
injury. In other localities such as Redlands the groves on sandy soils 
show much greater thrips abundance and injury than groves on heavy 
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soils of the same locality. A contributing factor is probably the more 
favorable environment arising from the warmer soil and reflected heat 
around the tree. 

Variety or Host.—Injury is most severe to Navel oranges. For no 
obvious reason the small fruits of this variety are more acceptable food 
than the fruit of other varieties. Valencias, grapefruit and lemons are 
sometimes severely damaged. The young tender foliage of any variety 
may carry a heavy infestation, but the Navel is again usually the 
most severely affected. This factor has been fully covered by previous 
writers. 

Vicor or Host.—The more vigorous the host, the more abundant 
is the new and tender growth which results in increased thrips abun- 
dance. The thrips breed and feed largely on the new growth with the 
result that young trees which are growing rapidly are most seriously 
affected. A poorly cared for grove with little new growth does not pre- 
sent the thrips problem that the well cared for vigorous grove does. 
Usually the spring flush of growth is becoming hardened by the time 
the small fruits appear. The time of appearance and amount of new 
growth may greatly influence the scarring of fruit. If the new growth 
has been heavy and hardens as the small fruits appear, increased dam- 
age may be expected while an irregular flush of new growth is likely 
to be more attractive to the thrips than small fruits, thereby reducing 
injury. 

LocATION OR Position oF Fruit.—The fruit most severely damaged 
of all is that on projecting limbs which is most exposed to the hot sun- 
shine and heat. 

SumMary.—In the six-year period 1929 to 1934 inclusive, citrus thrips 
injury to Navel oranges in Central California was most dependent on 
the temperature during the critical period while the fruit was tender 
and susceptible to severe injury. High temperatures at this time re- 
sulted in increased injury, while low temperatures resulted in a decrease 
of damage. Rainfall and weather during the spring previous to this 
period did not apparently influence damage; also the abundance of 
thrips previous to this period was no certain index to the amount of dam- 
age to be expected. It is, therefore, impossible to forecast seasons of 
light or severe damage, and as the sulfur dusting program, the winter 
spray program, and the spring spray program all commence well in 
advance of this critical period, the grower, in order to obtain high qual- 
ity fruit, is compelled to make one of the thrips control programs a 
regular annual feature of citrus production. 


THE ECONOMIC STATUS OF THE GARDEN CENTIPEDE, 
SCUTIGERELLA IMMACULATA (NEWP.) IN CALIFORNIA 


By A. E. MICHELBACHER, University of California 


The so-called garden centipede, which is a small white centipede- 
like organism about % inch long, belonging to the class Symphyla, has 
proved to be very destructive to field crops, and to plants grown under 
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glass ‘in many parts of California. Because of its underground habits 
it has frequently escaped the blame for crop failure when it has actually 
been the cause. However, during recent years farmers have come to 
recognize more clearly the injury caused by this pest, and in parts of 
the state they are very conscious of the damage done. Since the entire 
life of the animal is spent within the soil, artificial control is very diffi- 
cult, and up to the present time there is no control measure that is suit- 
able under all conditions where damage is being done. The pest occurs 
under a wide variety of climatic conditions, and soil types. It may 
penetrate the soil to a depth of three or more feet, and its vertical dis- 
tribution is influenced by food, moisture, temperature, and soil struc- 
ture. 

Despite the fact that the organism is widespread, injury is usually 
limited to localized areas. In some of these heavily infested localities, 
injury may occur nearly every year while in others the population of 
the garden centipede falls off to a point where little damage is done. 
Apparently there are many natural factors which tend to limit destruc- 
tiveness and restrict serious damage to rather small areas. Beyond a 
doubt there are many predaceous soil-inhabiting organisms which feed 
on these symphylids, and there is some evidence that they are also 
attacked by bacterial and fungous diseases. A population study of a 
heavily infested area has shown that these natural factors may at times 
be very important, for a rapid decline in population has been observed 
to occur in the spring during a period one would expect a sharp increase 
in numbers. 

Since the natural factors are not always sufficient to hold the garden 
centipede in check, many control measures have been attempted. Most 
of the methods used experimentally in the field have shown negative 
results. Many chemicals have been tried under field conditions and 
while several have shown great promise, they are too expensive for 
general use. In a series of experiments the writer (2) found carbon di- 
sulfide and paradichlorobenzene to be very effective, but the amounts 
needed for desired control were too great for field use. During the past 
season the garden centipede appeared to be more destructive than here- 
tofore and many farmers tried treating their seed (especially sugar beet 
seed). The chemical most frequently used was naphthalene which, of 
course, gave little relief. Since chemical control up to the present time 
has proved too costly, attention has been turned to developing other 
more economical methods. 

Cultural methods at times give some relief. Cultivation in all proba- 
bility kills some of the organisms, but, since the garden centipede is 
so well suited to a subsoil existence, this has little permanent effect. 
One other promising cultural method is firming the soil over the seed. 
In several cases there has been some evidence of this reducing damage. 
Any good derived is probably due to the fact that the pest is unable 
to make its own burrows, and is thus hindered in reaching the germinat- 
ing seed. However, firming the soil is not always to be desired, since a 
heavy rain may cause it to crust so badly that the germinating seeds 
are unable to reach the surface. 
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Flooding is probably the most effective method of controlling the 
garden centipede. Wymore (3) has shown that when an infested area 
can be flooded to the depth of a foot or more for a period of about two 
weeks during the winter satisfactory control results. While this method 
has many objections, it is well suited to much of the low, flat land of the 
Sacramento and San Joaquin river deltas where there is an abundance 
of cheap water. Through much of this area there are fairly extensive 
asparagus plantings, and where these are infested by the symphylids, 
flooding has been found to be the most effective control. The importance 
of winter flooding cannot be over estimated, since an asparagus field 
is expected to remain productive for about fifteen years, and in many 
cases if nothing were done to check symphylid injury, quality as well 
as production would be greatly reduced. 

When land is being devoted to the growing of annuals, flooding dur- 
ing the warmer part of the year has been tried and shows much promise. 
This line of investigation is still in the experimental stage, but appar- 
entiy has several advantages over the winter method. From the limited 
information at hand it appears that the garden centipedes are killed 
more quickly and that the depth of water and length of time that the 
land must remain flooded are reduced. The greatest disadvantage is 
that this type of flooding comes at the time of the year that the land 
should normally be in crops. However, it is possible in many cases to 
harvest the crops early enough in the summer or fall to flood the land 
while high temperatures still prevail. 

All field crops are probably attacked by the garden centipede. If an 
infestation is heavy they may completely destroy a crop before it has 
had a chance to get started. If plants have an opportunity to become 
well established, they can in many cases, satisfactorily resist the sym- 
phylid attack. Certain crops, such as field peas and the small grains, 
have been observed to do nicely even though they were at first severely 
attacked by the garden centipede. 

The garden centipede has also proven to be a serious pest to plants 
grown under glass, and has often caused large losses. As in the case of 
field crops, most of the plants grown under glass are severely injured 
and where infestations are heavy, beds are sometimes made wholly un- 
productive. Under such conditions the best method of control is to 
raise the benches so that there is an air space between the beds and 
the soil proper. By thus breaking contact with the subsoil, a condition 
is created which is not wholly suited to the garden centipede. How- 
ever, even in raised benches, the pest may become abundant enough 
to do considerable damage. This has been observed in Illinois (1), and 
on several occasions here in California. In most cases this condition 
can be easily remedied by replacing the infested soil with soil free of 
the pest. In some cases highly satisfactory control has been obtained 
by treating the beds with carbon disulfide emulsion. The stock emulsion 
used contained 63 per cent of carbon disulfide, and was diluted 1 to 
300, and applied at the rate of about five gallons to the square yard 
of surface. Where gardenias have been grown in raised benches some 
difficulty has been experienced in controlling the pest. Fairly high sym- 
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phylid populations may build up during the long period that the plants 
should remain productive. In such cases no really satisfactory control 
has been developed when growing plants are present. 

In the case of ground beds, fumigants can be economically used in 
checking injury. Carbon disulfide has been used successfully, and car- 
bon disulfide emulsion at the dilution above mentioned for raised beds 
has given fair to good control. The emulsion can be applied where plants 
such as snapdragons and sweet peas are growing without causing serious 
injury to them and still kill apparently all the garden centipedes in the 
surface soil. In many cases it is necessary to make more than one ap- 
plication of the emulsion to insure satisfactory control. 

Steam treating the soil is a common control method used in various 
parts of the world, and it has been reported as giving varying degrees 
of control. To my knowledge this method is not used to any extent in 
California. 

In greenhouses it is of greatest importance to observe sanitary prac- 
tices, to use all possible precautions in moving infested plants and soil 
so as not to introduce this serious pest into areas previously free of it. 
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NOTES ON CITRUS PESTS NEW OR SELDOM INJURIOUS 
IN CALIFORNIA 


By R. S. WoGium and H. C. Lewts, California Fruit Growers’ Exchange, Los 
Angeles, Calif. 


Several insects not previously recorded as pests of citrus have re- 
cently been found to be causing commercial damage in certain interior 
areas of California and Arizona. 

WESTERN FLOWER Turips (Frankliniella moultoni Hood or californicus 
Moulton).—Investigation of certain scarring of grapefruit in the Im- 
perial Valley of California and in the Salt River Valley of Arizona was 
commenced in the spring of 1934. Fruit in some orchards was badly 
marked, the effect being very characteristic of certain types of thrips 
feeding (entirely distinct from the well-known citrus thrips scarring) 
although no insects were present. During 1935, further attempts were 
made to determine the cause of this fruit marking. A few scattering 
adults of Frankliniella moultont were observed on mature fruit in a 
Calexico grapefruit orchard on March 12. By April 4, adults had be- 
come numerous and larvae were quite abundant, starting to “silver” 
the mature fruit in small spots. By April 15, the larvae had matured 
and had almost completely disappeared. Pupae could be found in the 
ground beneath the trees. 
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During this period of less than two weeks of larval action, a large 
part of the mature grapefruit on some trees had been silvered completely. 
The inside fruit was most affected, especially that in the lower two- 
thirds of the trees. Clusters of fruit were particularly severely marked, 
only the points of contact being exempt. Outside exposed fruit showed 
little injury. Certain orchards appeared to be most subject to attack, 
both in 1934 and 1935. 

Observations indicate that the adult flower thrips migrate from al- 
falfa or other green fields to the grapefruit trees during or previous to 
March. Under favorable conditions, ovipositing takes place in the epi- 
dermis of mature fruit. Larvae which hatched from these eggs caused 
the scarring within less than a two-weeks period. The most severely 
affected orchards were adjacent to alfalfa fields. No control measures 
have been attempted. 

A second and entirely different type of injury has also been observed 
to be caused by the flower thrips. The senior author has observed the 
adult flower thrips common in the bloom of citrus trees throughout 
the twenty-eight years of his studies of citrus pests in California. Larvae 
develop in the bloom but no record of damage to immature fruit has ever 
been found in the literature, although every citrus entomologist has 
given this subject more or less attention particularly as related to or- 
anges. While the writers have failed to find any damage to young oranges 
or lemons by the flower thrips, they have recently cbserved consider- 
able injury to small grapefruit, just after most of the petals fall, in Im- 
perial Valley and Arizona. Counts have indicated as high as 10 per 
cent of the young fruits on some grapefruit trees so severely injured 
as to stop development and drop. It appears that fruit in clusters alone 
suffers. If the bloom of a cluster does not all drop simultaneously where 
larvae are abundant feeding on the nectar, the thrips concentrate on 
the one or two remaining blooms and feed on the newly formed fruit 
because of lack of more suitable food. All affected fruit drop off. This 
type of injury appears to be confined almost exclusively to grapefruit 
in the interior areas above mentioned, and to a lesser extent in Tulare 
County. 

Xylomyges curtalis Grote (Woodlake cutworm).—A serious outbreak 
of cutworms occurred during the spring of 1934 on a large citrus plant- 
ing near Woodlake, California. The worms denuded the trees of bloom, 
the new crop of young fruit, and the new leaf growth over a consider- 
able acreage. Where the old crop of mature Valencia fruit remained on 
the trees, it was also severely attacked. This same species could be 
found in a few other groves in Tulare County but not in damaging num- 
bers except in the one case mentioned. 

Reared adults were determined by Mr. F. F. Benjamin, of the U. S. 
Bureau of Entomology and Plant Quarantine, as Xylomyges curialts 
Grote. It was described in 1873 from specimens taken in California. All 
previous records of this species are of a taxonomic nature. In 1935, a 
considerable damage occurred over a more widespread area than in 
1934. Due to the use of control measures, no one grove was injured as 
seriously as the one in 1934, although the worms were abundant in a 
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number of orchards. Some four or five hundred acres were dusted with 
cryolite or barium fluosilicate to prevent damage. Worms could be 
found to some extent in groves over most of central California. 

In 1934, pupation took place in April, the pupae being found in earth- 
en cells in the ground beneath the trees. Pupae collected in May gave rise 
to adults the following January to March. In the field, moths appeared 
in January and deposited eggs on citrus leaves. The newly hatched lar- 
vae dropped to the ground or cover crop by silken threads. Through- 
out March, small green larvae with a white lateral stripe could be found 
feeding on chickweed and other covercrops. With the advent of warm 
weather in April, 1935, feeding was accelerated and the partly grown 
larvae migrated to the trees as the covercrops dried up or were disced 
under. The worms prefer the ovary of the bloom, often eating a hole 
in the side of the blossom to remove the newly formed fruit. Tender 
leaves, green bark of new shoots and mature fruit are also attacked. 
The larvae are voracious feeders, being active night and day, and once 
they ascend a tree they apparently never leave until mature. Damage 
takes place within a very short time. Usually the worms have matured 
and dropped to the ground within ten days or two weeks after first be- 
ing noticed on the trees. The new crop of small oranges as well as the 
mature crop of Valencias, which are the crops for two years, have been 
observed to be almost entirely destroyed within a ten-day period. 

Several specimens of the mantispid, Symphasis stgnata H., were reared 
from Xylomyges pupae. Dissection showed the mantid larvae pupated 
in a cocoon within the Xylomyges pupal cell. Emergence of the parasite 
was more than a year following the cutworm pupation. So far as is 
known, this is the first record of mantids being parasitic on cutworms. 

In the field, a number of other species of worms were incidentally 
associated with the X ylomyges larvae, especially on the covercrops. How- 
ever, the one species largely responsible for damage to citrus, both in 
1934 and 1935, was Xylomyges. Among the other species present was 
Lycophotia margaritosa (Haworth), the variegated cutworm. In a few 
groves in 1935, this species became abundant and damaging enough 
to cause concern. This applied also to southern California, where it has 
previously been reported on citrus by the senior author. 

Autographa brassicae (Riley).—Moths determined as this species by 
Mr. F. F. Benjamin, were extremely abundant in central California 
citrus groves in April, 1935. These moths deposited eggs on cover crops 
and early in May a heavy hatch of larvae occurred in a few groves near 
Porterville. Since little of the original covercrop was standing at this 
time, the worms soon consumed that which was missed by discing, and 
then ascended the orange trees. New growth and young fruit were at- 
tacked with equal preference. Damage was serious enough to require 
dusting a few groves with cryolite or barium fluosilicate. Larvae reached 
maturity in late May. 

No reason is known for the abnormal abundance of the moths in the 
spring. No connection could be found between damage and the type 
of covercrop, although the time of discing it under may have had con- 
siderable bearing. 
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Cacoecia argyrospila Walker.—The fruit tree leaf-roller has been ob- 
served for several seasons fairly abundant on grapefruit and Valencia 
oranges near Lindsay. Larvae roll the leaves of terminal shoots. Damage 
to date has been of little consequence. 


A CORRECTION IN THE RECORDED HIBERNATION HABITS 
OF TWO SPECIES OF IPS BARK BEETLES 
IN MINNESOTA' 


By LestiE W. Orr, Division of Entomology and Economic Zoology, University 
of Minnesota 


Published papers in which the life histories of Jps pini and I. grandi- 
collis are given usually state, or at least give the impression, that these 
species overwinter under the bark of the trees in which they develop. 
The possibility that this might not be correct, at least for Minnesota, 
was first brought to the writer’s attention during the winter of 1933-34. 
Quite a large number of mature Norway pine trees near Cass Lake, 
Minnesota, were infested and killed by Ips beetles during the summer 
of 1933. These trees were cut and removed early in 1934 so as to salvage 
the timber and also with the idea of destroying many of the overwinter- 
ing beetles. 

The writer examined many of the cut trees and discovered that there 
were very few beetles present under the bark and that those few were 
dead. Some of these trees were known to have had many beetles in them 
during the latter part of the summer. 

In the spring of 1934 we found that all fresh slash in the area was 
being heavily infested by beetles. It seemed certain that these beetles 
could not possibly have spent the winter under the bark of trees. We 
therefore suspected that they had left the trees in the late fall months 
and entered the litter on the ground for hibernation. 

An examination of dead Norway and jack pine trees in several lo- 
calities in Minnesota during the winter of 1934-35 served to strengthen 
the evidence that the adult beetles leave the trees late in the fall and 
that in case a young brood happens to be caught by cold weather be- 
fore reaching maturity, the insects are usually unable to survive the 
winter temperatures common in Minnesota. 

On March 29, 1935, a sample of litter and duff was taken from an 
area about two feet square at the base of a large Norway pine that had 
been killed by beetles the latter part of the summer of 1934 at Bemidji 
State Park, Minnesota. This material was taken into the laboratory 
and 28 Ips pint and 10 J. grandicollis living adults were recovered. 
This evidence seems to prove conclusively that in Minnesota these two 
species of Ips hibernate in the litter and duff rather than under the 
bark of the trees where they develop. 

‘Paper No. 1348 of the Scientific Journal Series of the Minnesota Agricultural 
Experiment Station. 
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F. P. Keen (1933) found that Jps emarginatus and I. oregoni beetles 
emerge in late fall and drop to the base of the trees where they seek 
shelter for hibernation in bark crevices or in short tunnels which they 
bore into the bark at about the ground level. He did not mention find- 
ing any of the beetles hibernating in the litter and duff around the trees. 

Leach, Orr and Christensen (1934) stated that some of the young 
adults of Ips pint and I. grandicollis emerge in the fall and hibernate 
in the litter and duff. At that time it was thought that pupae and a part 
of the adults hibernate under the bark where they develop. It now ap- 
pears as though this was a mistake as we have been unable to find liv- 
ing specimens of any developmental stage under the bark during the 
winter. 

This fact has an important bearing on recommendations for control 
work. It is obvious that the cutting and treating of beetle killed trees 
during the late fall, winter or early spring months will not destroy the 
insects. Such work must be done during the period from May to Oc- 
tober when the trees are actually infested. 
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MOSQUITO-CONTROL ACTIVITIES IN THE PACIFIC 
NORTHWEST UNDER THE CWA PROGRAM 


By H. H. StaGe, Associate Entomologist, Division of Insects Affecting Man and 
Animals, Bureau of Entomology and Plant Quarantine U.S. D. A. 


Until 1930, aside from a few feeble local attempts, nothing had been 
done in Oregon and Washington to reduce the mosquito pest, which 
in some sections of the two States had become a severe handicap to 
various out-of-door enterprises. From 1930 a definite, but inadequate, 
program of control has been in force in Multnomah County, Oregon, 
and Skamania County, Washington. In 1931 a group of home owners 
on Bainbridge Island, in Puget Sound, began in a small way to oil and 
to drain, but their funds were inadequate for an effective program. 

During the winter of 1933-34 mosquito control work in these States 
was greatly accelerated through an allotment of funds by the Civil 
Works Administration. Rather important work was accomplished in 
Multnomah, Columbia, and Tillamook Counties, Oregon, and in Kit- 
sap, Skamania, and Clark Counties, Washington. This work, which be- 
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gan early in December 1933 and terminated as Federal projects on 
February 15, 1934, gave employment to 1,000 men in Oregon and 700 
in Washington. Later the work was continued as State projects, but 
the number of men employed was rapidly reduced until on April 1 all 
work was discontinued. 

Three types of work were conducted, influencing three associations 
of mosquito species. 

The first type was in the thickly matted jungles of willow brush along 
the Columbia and Willamette Rivers in Multnomah and Columbia 
Counties, Oregon, and in Skamania and Clark Counties, Washington. 
This brush was cleared up to reduce shelter and to discourage egg de- 
position by the flood-water mosquitoes Aedes vexans Meig. and A. al- 
dricht Dyar. These two species of mosquitoes occur in great hordes in 
early summer after thousands of acres of low ground along the rivers 
mentioned have been inundated by the annual freshets. They hatch 
from eggs deposited in the previous summer on damp cool ground pro- 
tected from sun and wind by heavy growths of willow brush. While 
brush clearing is open to criticism as an efficient practice in mosquito- 
control activities, it has been found effective in reducing the mosquito 
pest in this section. We have several research studies under way in an 
effort to determine how the changed ecological conditions on the areas 
treated have affected the mosquito population there. 

Most of the land on which the work was done is used as pasture, but 
the dense willow brush has prevented growth of grass and made the 
land largely useless. During the past summer it has been observed 
that where ground cleared of willow brush has been used for grazing 
purposes, the stock have kept the growth of willows well checked. In 
some other instances the owners of such property have kept the land 
clear and have requested that additional areas be cleared. 

In addition to the clearing of willow and other brush in the four 
counties mentioned, dyking against high water and ditching of poorly 
drained areas were practiced. Brush was cleared from 3,390 acres of 
land, 68,297 lineal feet of ditches were dug, and several hundred yards 
of fill were thrown up as dyking. A total of 333,798 man-hours, at a 
cost of $175,254.44 for labor and supervision and $7,249.85 for tools, 
transportation, and supplies, was used on this project, which, besides 
aiding in the control of flood-water mosquitoes, furnished suitable hand 
labor for relief purposes and made fertile pasture land available for 
grazing. 

The second type of control work was practiced on a typical salt- 
water marsh in Tillamook County, Oregon. Here approximately 1,500 
acres of desirable pasture land which is flooded regularly by the 
monthly high tides has been a particularly favorable breeding place 
for Aedes dorsalis Meig. Numerous potholes scattered over the marsh 
held water between high tides. From May until September the larvae 
of A. dorsalis were numerous in these holes, and the adults were a most 
annoying pest to dairy cattle pastured in the marsh. Under the CWA 
program, the potholes were connected with the main channel by ditches 
or, if small, were filled with sods taken from newly constructed ditches. 
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A total of 33,420 lineal feet of ditches was constructed, 3,000 lineal feet 
of stream banks were cleared, 3,570 cubic yards of fill made, 200 acres of 
potholes drained, and potholes totaling 1.86 acres in area were filled. 
This furnished 11,105 man-hours of labor and supervision at a total 
cost of $6,435.04 for wages and salaries. Tools, supplies, and trans- 
portation cost $1,121.94. 

During the last summer season several inspections were made of the 
marsh, and the method of control has been found to work perfectly. 
Long-time residents marvel at the freedom from mosquitoes and tell 
of “seeing only 3 mosquitoes this summer.’’ An important dairy sec- 
tion of Tillamook County was entirely free during 1934. Dairymen re- 
ported that mosquito eradication was followed by a marked increase 
in milk production in that district. 

The third type of control was conducted on the northern end of Bain- 
bridge Island, in Puget Sound. Many fine summer homes are located 
there, since the island is within easy commuting distance of Seattle. 
The country is fairly rugged and in many places is so thickly overgrown 
with brush and large trees that it is nearly impenetrable. There were 
many springs and depressions where seepage and rainwater collected 
during early spring. Great numbers of Aedes aboriginis Dyar and A. 
fitchit Felt and Young emerged from these pools and remained nearby 
as most annoying pests until midsummer. A few residents of the island 
organized 3 or 4 years ago as the Port Madison mosquito-control com- 
mittee and attempted control by the customary practice of oiling. Funds 
were inadequate, however, and it was difficult to treat all the pools 
because they were so hidden by briars and brush. 

Under the CWA program the northern end of the island for a distance 
of 2 miles was completely surveyed, and all watercourses were ditched 
to the sound except one or two for which such treatment was impractical. 
In the latter instances the country was opened up by clearing so that 
the pools could be efficiently oiled. Ditches totaling 57,941 lineal feet 
were dug, 435 lineal feet of culverts was installed, and 30 acres was 
cleared by brush by 40,300 man hours of labor and supervision, at a 
total cost of $24,665.00 for wages and salaries and $4,461.24 for tools, 
supplies, and transportation. 

SuMMARY.— Under the CWA program during the winter of 1933- 
34, three types of work, influencing three associations of mosquito spe- 
cies, were conducted in the Pacific Northwest. 

Flood-water mosquitoes, Aedes vexans and A. aldrichi, were reduced 
in number along the Columbia River near Portland, Oregon, by clear- 
ing their breeding grounds of heavy willow brush; a salt-water mos- 
quito, Aedes dorsalis, was eliminated during 1934 and 1935 from an isolated 
1,500-acre salt marsh in Tillamook County, Oregon, by connecting pot- 
holes in which it bred with the main channel by ditches so as to allow the 
high tides to flush and drain out the breeding places; and temporary- 
pool mosquitoes, Aedes aboriginis and A. fitchii, were controlled on the 
northern end of Bainbridge Island, Washington, by eliminating pools 
of seepage and rainwater. 
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HYBRID VIGOR AND OTHER FACTORS IN RELATION TO 
CHINCH BUG RESISTANCE IN CORN! 


By REGINALD H. PAINTER, RALPH O. SNELLING, and ARTHUR M. BRUNSON? 


Many factors have a bearing on the resistance of plants to insect 
attack. Flint and others (2, 1, 3, 5, 4)* have shown a difference in re- 
sistance to chinch bugs among corn varieties, and have found evidence 
that this difference is inherited, indicating that it may be a factor in 
adaptation achieved through natural selection. 

Injury of corn by chinch bugs (Blissus leucopterus Say) may result 
from (1) the first-brood bugs migrating en masse from adjacent fields 
of small grain at harvest time, or (2) from second (and occasionally 
third) brood bugs hatched in the corn field. In the first type of injury 
successive rows of seedlings or small corn plants are killed outright, 
and frequently it is necessary to replant part or all of a field. In the 
second type the injury comes later in the season, resulting in weak 
stunted plants which usually fall over. Either or both kinds of injury 
may be serious factors in limiting corn production when chinch bugs 
are present in large numbers. It is the purpose of this paper (1) to re- 
port observations on resistance to both types of injury in a number of 
inbred lines, hybrids, and varieties of corn, and (2) to point out the 
relation of hybrid vigor in corn to tolerance of chinch bug attack. 

EXPERIMENTAL METHODS AND ConpDITIONS.—Results from plant- 
ings made on the Agronomy Farm of the Kansas Agricultural Experi- 
ment Station, Manhattan, Kans., in 1934, and on the United States 
Field Station, Lawton, Okla., in 1933 and 1934 are reported. 

In 1934 duplicate plantings of a collection of 50 inbred lines, hybrids, 
and open-pollinated varieties‘ were made at Manhattan and Lawton. 
At Manhattan rows of 50 plants each were planted May 2 so that the 
first generation of chinch bugs could migrate from an adjacent wheat 
field into the ends of the rows. The migration took place June 6 to 
June 14. By July 12 most of the bugs had reached the adult stage and 
many had flown away to nearby sorghum plots. During the worst of 
the infestation many of the corn plants were literally black with chinch 
bugs. The extreme heat of July resulted in a heavy mortality of bugs 
of the second generation, and from about July 12 to the end of the sea- 
son the death rate of plants was due primarily to drought and heat. 
The data in the tables record the results before the drought obscured the 
effects of injury by chinch bugs. 

‘Joint contribution of the Departments of Entomology and Agronomy, Kansas 
Agricultural Experiment Station, in cooperation with the Divisions of Dry Land 
Agriculture and Cereal Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture. Contribution No. 428, Department of Entomology and 
No. 239, Department of Agronomy, Kansas Agricultural Experiment Station. 

*Associate Professor of Entomology, Kansas Agricultural Experiment Station, 
Manhattan, Kans.; Field Aid, Division of Dry Land Agriculture, Lawton, Okla. ; and 
Agronomist, Division of Cereal Crops and Diseases, Manhattan, Kansas, respectively. 

‘Reference by number to “‘Literature Cited”’ at end of article. 
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At Lawton in 1934 the same 50 strains were planted in rows of 50 
plants each in a field some distance from small grain plots. There are 
three generations of chinch bugs a year at Lawton and the bugs mi- 
grate into corn and sorghum by flight and not on foot. The adults of 
the first generation of bugs flew into the corn nursery and distributed 
themselves rather uniformly. The corn plants at Lawton were approxi- 
mately shoulder high when the first brood adults flew in, while those 
at Manhattan were less than knee high when the nymphs of the first 
brood crawled in at the ends of the rows. 

In addition to the 50 rows grown at both Manhattan and Lawton 
in 1934, a collection of open-pollinated varieties from various sources 
was grown at Lawton both in 1933 and 1934 for observation of differ- 
ences in chinch bug resistance. 

Various measurements such as yield, lodging, quality of the grain, 
etc., have been used as criteria of chinch bug damage. Because of the 
difficulty of distinguishing between drought injury and chinch bug in- 
jury in the latter part of the unfavorable corn seasons of 1933 and 1934, 
the only data reported in this paper are the relative proportions of dead 
plants for each strain. The counts used are those taken after a consider- 
able amount of clear-cut chinch bug injury had occurred, but before 
the heat and drought had obscured such damage later in the summer. 
In the early part of the run of bugs at Manhattan, very noticeable 
differences were evident in the rapidity with which plants in different 
rows succumbed to the attack, but since these differences were highly 
correlated with the total percentage of plants finally killed, it was thought 


unnecessary to complicate the tables with counts at intervals through 


the season. 

Resutts.—The records of chinch bug injury to some of the common 
varieties of corn grown at both Manhattan, Kans., and Lawton, Okla., 
in 1934 are given in Table 1. With a few exceptions there is a general 


TABLE 1. INJURY OF OPEN-POLLINATED VARIETIES OF CoRN BY CuHINCH BuGs IN 1934 at Man- 
HATTAN, KANsS., AND LAwTon, OKLA. VARIETIES ARE ARRANGED IN OrDER OF DECREASING 
RESISTANCE AT MANHATTAN AS DETERMINED BY Per CENT OF Deap PLANTS 

Jury 12 
Per cent Per cent 
dead plants dead plants 
Row No. Name and source Manhattan Lawton 
Manhattan July 12 July 12 
Hays Golden (Kansas) akon ‘ 4.0 36.7 
Midland (Anderson County, Ks) % : 10.0 
Minnesota No. 13 (Minnesota) 12.0 
Krug (Illinois) nl i 12.0 
Reid Yellow Dent (Illinois) 14.0 
Champion White Pearl (Illinois) 18.0 
Reid Yellow Dent (Kansas) 18.0 
Black Hawk (Illinois) 22.0 
Harmon White (Kansas) 22.0 
vs Pride of Saline (Kansas) . : ; : 25.3 
Calico (Kansas). . dats - ain ts a ‘A 28.0 36.: 
Iodent (Iowa) ' ad 34.0 44.9 
s) piusee 38.0 32.0 
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Yellow Selection No. 1 (Kansa 
Official Red (Kansas). ...... 44.0 2.0 
Big Red (Kansas) Satan 52.0 43.2 


correspondence (r = .44 + .128) in results at the two stations. Two 
of the most pronounced exceptions, Hays Golden and Minnesota No. 13, 
are both especially early varieties. In previous tests at Manhattan, 
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Hays Golden has been one of the most resistant varieties and Minne- 
sota No. 13 very susceptible to chinch bug injury. The behavior of 
Krug, which was tested for the first time at Manhattan this year, does 
not agree with that in tests in Illinois (4). 

The results of chinch bug injury to a group of inbred lines collected 
from various sources are shown in Table 2. Only one line, B 164, showed 
less injury than the average of Pride of Saline checks to first-brood in- 


Fic. 155.—Injury by chinch bugs to inbred lines of corn and to the F, hybrid 
between them. The chinch bugs migrated onto the ends of the rows. Left, 


inbred L317 B2; right, inbred B1 349A; center, F, hybrid L317 B2x B1 349A 


jury at Manhattan, and this row contained a number of obvious out- 
crosses. At Lawton six lines, L 24, Hy, 66, B1 349A, A, and L 317 B2, 
were superior to the average of the Pride of Saline checks under in- 
festation by second and third brood bugs. The correlation between the 
reactions of the inbred lines at the two stations is very low (r = .09 + 
.179). In previous studies (4) line Hy has been found to be more re- 
sistant to chinch bug damage than line A. The data in Table 2 confirm 
this relationship at both stations, although the differences are less than 
those previously reported. 

A comparison of chinch bug injury of hybrids with that of their par- 
ent inbred lines is given in Table 3. (See also Fig. 155.) With but few 
exceptions the relatively high tolerance of the hybrids is very striking. 
As an average of all combinations, 13.2 per cent of the hybrids and 
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Taste 2. InNyury oF INsRED Lines OF Corn BY Cutncu BuGs IN 1934 AT MANHATTAN, KANS., AND 
Lawton, OKLA. INBRED LINES ARE ARRANGED IN ORDER OF DECREASING RESISTANCE AT 
MANHATTAN AS DETERMINED BY Per CENT OF Deap PLaNnts JuLy 12 


Per cent Per cent 

dead plants dead plants 
Row No. Manhattan Lawton 
Manhattan Name and source July 12 July 12 


50 Inbred B164 (Iowa) : . 24. 0 44.0 
Av.3 rows Pride of Saline (check) : ; ’ 25.3 38.7 

19 Inbred W. F. 9 (Indiana) om ; i 5 28.! 

48 Inbred L 24 (Iowa)..... 

33 Inbred R 4 (Illinois) 

36 Inbred Hy (Illinois) 

17 Inbred 66 (Indiana) 

47 Inbred B1 349A (lowa) 

31 Inbred TR (Illinois) 

21 Inbred PR (Indiana) i 

16 Inbred 11—28 (Minnesota) 

53 Inbred 33-443 (New York) - 

14 Inbred C-7-28 (Minnseota)... 

29 Inbred A (Illinois) 

51 Inbred 33-442 (New York) 

45 Inbred L 317 B 2 (Iowa) 


tenitos 
Commins 
Sovcooyvs 
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TaBLe 3. InsuRY OF CorN Hysrips AND OF THEIR PARENT INBRED LINES BY CHINCH BuGs IN 1934 
AT MANHATTAN, KANS., AND LAWTON, OKLA. GROUPS ARE ARRANGED IN ORDER OF DECREAS- 
ING RESISTANCE OF THE HysrRiIps AT MANHATTAN AS DETERMINED BY THE PERCENTAGE 


or Deap PLants JULY 12 
Per cent Per cent 


dead plants dead plants 
Row No. Manhattan Lawton 
Manhattan Name and source July 12 July 12 


19 Inbred WF9 29 
20 Hybrid WF9 x PR Gadinaa . 
: Inbred PR. ; 


oS 
o- 


~ 
oe 
= 


Inbred C-7-28 ase 
Hybrid 7 x 11-28 (Minnesota) 


-o 


Inbred 11-28. . 


Inbred 66 
Hybrid 66 x ‘WF9 (Indiana) 
Inbred WFY 


Inbred A-101 
Hybrid Ax TR (Illinois). 
Inbred TR 


Inbred 33-442 
Hybrid 33 442 x 33-443 (New York) 
Inbred 33-443 , 


Inbred TR 
Hybrid R4x TR (Tilinois). 
Inbred R4. . 


Inbred R4 
Hybrid R4x ay (Illinois) . 
Inbred Hy 


45 Inbred L317 B2 , 
46 Hybrid L 317 B2 x Bl 349 A (Iowa) set 
47 Inbred B1 349A.... tea 


Av. 3 rows Pride of Saline (check) 


48 Inbred L 24 
49 Hybrid L24xB 164 (Iowa) 
50 Inbred B 164..... 


29 Inbred A-101 
: Hybrid Ax Hy (I1linois) . 
Inbred Hy ; 
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Average all inbred lines. 
Average all hybrids. ..... 
Pride of Saline (check) . . 
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59.3 per cent of the inbred lines had been killed at Manhattan July 12, 
and 17.4 per cent of the hybrids and 49.1 per cent of the inbred lines 
at Lawton on the same date. At both stations the average injury to 
Pride of Saline checks was intermediate between that of the inbred 
lines and the hybrids. The correlation between injury of the parent 
inbred lines and corresponding hybrids is very low both at Manhattan 
(yr = .12 + .210) and at Lawton (r = .23 + .212). 

The chinch bug reaction of a number of corn varieties grown at Law- 
ton both in 1933 and 1934 is recorded in Table 4. A relatively high cor- 
relation (r = .74 + .043) is shown between the results of the two years. 


TABLE 4. INJURY OF OPEN-POLLINATED VARIETIES OF CORN BY CHINCH BUGS IN 1933 AND 1934 at 
LAWTON, OKLA. VARIETIES ARE ARRANGED IN ORDER OF DECREASING RESISTANCE AS AN 
AVERAGE OF THE Two YEARS 

Source Percent dead plants 
Variety of seed 1933 19% Av 

Harmon White ‘ ; . Kans. 12.0 22.: 
Pride of Saline—Check ; ‘ Kans. 26.0 
Midland. St ee Kans. 12.0 
Big Red : ; Kans 18.4 
Dwarf Mexican June Texas 14.0 
Dwarf Mexican June Texas 28.6 
Franklin Yellow Dent cla. 28.6 
Calico : , : Cans. 33.3 
Red June ‘ Texe 44.0 
Official Red Cans 28.6 
Black Hawk ll 36.0 
Hays Golden ; Cans. 29.5 
Surecropper Texas 36.0 
Mangelsdorf Hybrid : ‘ Cans. 46.0 
Champion White Pearl—Check Ill 
Brazihan Flouz 
Southwestern Yellow Dent 
Kaw Chief 
Improved Leaming 
Illinois Utility Dent 
Krug " : 
Oklahoma Silvermine Okla. 
Nicholson Drought Resistant Texas 
Funk Hybrid x Reid Ind. 
Early Orange Dent : Penn. 
Honey June Texas 
Hastings Prolific Georgia 
Freed White Kans. 
Reid Yellow Dent ; Ind 
Crawford Ind. 
Pride of the North Kans. 
lowa Silvermine Kans 
Maize Amargo Mich. No. 24 Mich. 
lowa Goldmine Kans 

l'rucker Favorite Georgia 

quaw Corn : Kans. 
é zona No. 2* 
Improved Squaw Corn 
Cassell White 
Hickory Kingt 
Neal Paymaster 

yngfellow Yellow Flint 

nproved Yellow Yankee Flint 

issex White 
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Sanford White Flint 
Arizona No. 1* 
\ 
E 
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faize Amargo Mich. No. 125 
arly Canada Flint : Penn. : h 89.6 
Luce Favorite ~ , Penn 94. f 89.9 


*Varieties obtained from a Papago Indian, Sells, Arizona. 
% seed came from Georgia. In all other cases the source of seed was the same fo 0 rears. 
T1934 i fr ( gia. I 1 ott t f i was tl ne for both year 


Discussion.—Attention is called particularly to the distinction be- 
tween injury to the corn seedlings or small plants by first-brood chinch 
bugs and that to the more mature plants by second- and sometimes by 
third-brood bugs. In most localities and under favorable conditions the 








1030 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


former type of injury can be guarded against to a considerable degree 
by suitable barriers which halt the insects in their wingless stage as 
they migrate from nearby fields of ripe grain. Except as the environ- 
ment may offer natural controls to the propagation of second-brood 
bugs, there is no check to the latter type of injury except the resistance 
of the crop itself. The relative importance of the two types of injury 
varies with the location and to some extent with varying seasonal con- 
ditions. 

Hybrids generally are markedly more resistant to both types of in- 
jury than their parental inbred lines. It may be that ability of corn to 
survive under conditions of infestation is due to one or both of two 
separate conditions: (1) Inherited specific resistance to chinch bugs, 
and (2) tolerance to or escape from injury associated with heterotic 
vigor. The high survival rates of hybrids from inbred lines produced 
in regions devoid of chinch bugs, and the low correlation between sur- 
vival of inbred lines and resulting hybrids would indicate that hybrid 
vigor, as such, is an important factor. 

On the basis of results reported there appears to be a reasonable 
range of resistance in corn to chinch bugs in inbred lines, hybrids, and 
open-pollinated varieties. The rather high correspondence between the 
results of varieties at Lawton for two years indicates that the differences 
are real and not fortuitous. In general, the corn varieties listed in Table 
4 show a range of susceptibility and resistance comparable though not 
so large as that to be found among the sorghums (6), where a wider 
range of varieties has been studied. The similarity in outstanding resist- 
ance of F, hybrids as compared to inbred lines in both crops is striking. 
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OBSERVATIONS ON WINTER SURVIVAL 
OF PEA APHID EGGS 


By Tueo. E. Bronson, Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture 


To determine the relation of temperature to the survival of over- 
wintering eggs of the pea aphid (J/linoia pisi Kalt.) under various con- 
ditions of exposure to the weather, a series of experiments were pre- 
formed at the Madison, Wis., field laboratory during the four winter 
periods 1929-30 to 1932-33, inclusive. 





December, '35] BRONSON: WINTER SURVIVAL OF PEA APHID EGGS 1031 


Since pea aphid eggs were not sufficiently abundant in alfalfa fields 
during the fall to serve the purposes of the experiments, it became 
necessary to produce them in cages where natural conditions were as 
closely simulated as possible, and then to place the eggs thus accumu- 
lated in specially devised cages where detailed observations and records 
could be made during the overwintering period. 

Metuops Usep.—In accordance with this plan, pea aphids were 
liberated upon potted alfalfa plants in the early part of September. 
The infested plants were then placed either in 4 by 5 foot wire-screen 
field cages or in a field insectary. Usually the progeny of the aphids 
placed on the plants became sufficiently numerous to produce a large 
number of eggs in October and early in November. Approximately 
November 15 the alfalfa leaves and stems bearing pea aphid eggs were 
cut from the plants and the eggs were enclosed in cylindrical cages 4 
inches long and 1% inches in diameter, constructed of galvanized screen 
containing 30 meshes to the inch. The number of eggs placed in each 
cage ranged from 300 to 500. 

These small cages were placed in two 4 by 5 foot screen-wire cages 
located in the laboratory garden. The sides of the large cages were 
covered by wire screen containing 16 meshes to the inch, while hard- 
ware cloth containing 3 meshes to the inch was used on the cage tops 
to allow the entrance of snow. It was necessary to use these large cages to 
protect the experimental material from field mice and from accidental 
disturbances. The egg cages were set on a mound of soil about 2% inches 
in height to allow for drainage. They were slightly pressed into the 
soil to insure sufficient contact moisture for the eggs. 

Following is a description of the conditions under which the eggs 
overwintered : 

1. Heavy cover: A pile of meadow hay, 8 inches deep. 

2. Medium cover: A pile of meadow hay, 4 inches deep. 

3. Light cover: Sparse meadow hay to simulate field conditions of 
uncut alfalfa, the cages being barely visible through 
the hay. 

. Exposed Cages exposed to weather. 

. Wooden cover: Covered against sun and precipitation. A water- 
proof board 24 by 29 inches was placed 10 inches 
above these eggs, primarily to prevent any in- 
sulation from snow covering 


The general arrangement of instruments and cages is shown in Fig- 
ure 156. 

The number of eggs hibernated in the several locations for the differ- 
ent years is shown in Table 1. 


TABLE 1. NUMBER OF Pea Apuip EGGS OVERWINTERED UNDER DIFFERENT CONDITIONS 
Number of eggs overwintered 
Location 1929-80 1930-31 1931-32 1932-33 
Heavy cover 800 2,000 600 0 
Medium cover 800 2,000 800 1,300 
Light cover 800 2,000 1,000 1,300 
Exposed 200 2,000 1,000 1,300 
Wooden cover 200 2,000 800 1,300 


Totals 800 10,000 4,200 5,200 
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GENERAL COMPARISON OF TEMPERATURES IN THE DIFFERENT Lo- 
CATIONS.—Distance-recording thermographs were used to record the 
temperature adjacent to the egg cages. A hygrothermograph was in- 
stalled in a weather shelter nearby to record the air temperature and 
humidity. The temperatures recorded in this paper (unless otherwise 
specified) are daily means derived by averaging bihourly readings taken 
from thermograph charts. Throughout the winter the amount of snow 
covering the different locations was noted. 


Fic. 156.—Arrangement of instruments and field cages. First cage, heavy, 
medium, and light covered locations. Second cage, instrument cage. Third 
cage, exposed and wooden cover locations. Fourth cage, houses weather 
shelter. 


No significant differences were observed between the temperatures 
of the heavy-cover and those of the medium-cover locations, the tem- 
peratures varying less than in any of the other locations. Also, the 
temperatures dropped more slowly when the air temperature dropped 
and rose more slowly when the air temperature rose, never reaching 
the extremes attained in the other locations. Most of the time dur- 
ing the winter months the temperature remained near the freezing point 
under both of these covers, occasionally dropping as low as 20° F., with 
a minimum of 15° F. 

The temperatures under the light cover and in the exposed locations 
were quite similar to each other. The temperature under the light cover 
did not drop quite so low as the temperature of the exposed location 
during cold periods, especially if the drop in temperature occurred with- 
in a short period of time. Conversely, when the mean daily air tem- 


~ 


perature rose as high as 45° F. to 50° F. the temperature under the light 
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cover did not rise so rapidly or quite so high as the temperature in the 
exposed location. 

Despite the similarity of the temperatures of these two locations, the 
pea aphid eggs in the exposed location enjoyed a distinct advantage 
in the spring. Their direct exposure to warm air and sunshine enabled 
them to start development earlier than the eggs in any other location. 

When a 4 or 5 inch snow covering was present before a decided drop 
in temperature, it afforded a sufficient degree of protection to the light 
cover and the exposed locations to make their subsequent temperatures 
comparable to the temperatures of the heavy and medium cover lo- 
cations. 

The winter temperatures of the wooden-cover location were very 
similar to the winter temperatures of the exposed location when the 
latter was not covered with snow. When the exposed location had a 
snow covering, however, its temperatures varied much less than those 
of the wooden-cover location. During the four seasons that these ex- 
periments have been conducted, however, only once (during January 
1930) were the eggs in the wooden-cover location subjected to signifi- 
cantly lower temperatures than those of the exposed eggs. During this 
month the temperature of the exposed location protected by snow 
ranged from 22° to 25° F. while the temperature of the wooden-cover 
location ranged from 5° to 15° F. over a period of two weeks. 

The absolute minimum air temperatures for the four winters con- 
cerned, together with the minimum temperatures of the exposed lo- 
cations on the same dates, are shown in Table 2. 

TaBLe 2. MinrtmuM WINTER AIR TEMPERATURES WITH CORRESPONDING MINIMUM TEMPERATURES 

oF Exposep LOCATIONS 
Corres. 
Min. air min. temps. 
temps. of exposed 
locations Remarks 
°F op. 
1929-< 21 +21 34-inch snow covering 
1930—- -9 +29 


931-32 s - 2 n 0 
1932-3: —26 + 7 inch overing, but cold struck before snow fell 


The above minimum temperatures of the exposed locations are not 
the absolute minima of any of the four winters, but simply indicate 
different relationships to the absolute minimum air temperatures of 
these winters with different degrees of snow coverage. 

PERCENTAGE OF Ecos Hatcuinc.—Approximately 2 or 3 days before 
the hatching of the pea aphid eggs was expected, all coverings except the 
wooden cover were removed. Because of the dry condition, the egg 
cages under the wooden cover were placed in contact with moist soil. 

When the eggs were expected to hatch, all of the cages were opened 
and examined daily, at which time a short stem of green alfalfa was 
placed in each cage to attract and concentrate the newly hatched 
nymphs. The majority of the nymphs were found on this green alfalfa 
and thus easily removed. The contents of the cage were then placed 
on a paper and the remaining nymphs picked out and counted. The 
summarized results of these cage examinations are given in Table 3. 
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TasLe 3. PercentaGe OF Pea Apuip Eccs Hatcuinc UNpeR DiFFERENT CONDITIONS 
Spring of Total 
Actual 
1930 1931 1932 1933 Eggs per cent 
hib. hatch* 
Heavy cover 23.5 34. 25.66 3,400 30.17 
Medium cover 37.37 36.! 31.2: 7 4,900 30.18 
Light cover : 31.75 : 25. 5. 5,100 27.35 
Exposed é 25.75 35.5: 9.! 23.76 5,500 33.1 
Wooden cover . 18.83 : a 5.5 5,300 14.2 
Actual per cent hatch for all locations* 26.51 31.7! 29. 5.2% 26.8 
Actual per cent hatch for all locations except 
wooden cover Sep | 35.1: 33.8: 5 - 30.34 
Total eggs : ; : a 24,200 


*These figures are actual percentages of the total number of eggs and are not averages of the per- 
centages given in the various cases. 


Discussion.—The results from these experiments during a four-year 
period indicate that low or sharply fluctuating temperatures during 
the winter months do not exert an appreciable influence upon the per- 
centage of survival of the overwintering pea aphid eggs, under con- 
ditions existing at Madison, Wis. 

A consistently lower percentage of eggs hatched in the wooden-cover 
location than in any of the other locations, attributable probably to 
the absence of sufficient contact moisture in the soil and to the ex- 
clusion of warm stimulating sunshine in the spring. A careful study 
of the winter temperatures which occurred in this location during 1929- 
1933 indicates that temperature was not the causal factor, since the 
lowest and most fluctuating temperatures occurred in the winter and 
spring of 1930 when the highest percentage of egg hatching under the 
wooden cover was recorded. 

The percentage of eggs hatching from the exposed location, which 
experienced fluctuations in temperature second only to those of the 
wooden-cover location, gave the highest average for all of the locations 
during the four years involved 

Two types of seasons have been recognized which exert an important 
influence upon the hatching of pea aphid eggs: (1) The favorable type 
of season when the weather warmed up rapidly about the first of April 
and the eggs developed rapidly. The springs of 1930 and of 1931 are 
examples of this type (Fig. 157). It will be noted from Table 3 that the 
protected eggs, on the average, hatched equally as well as the exposed 
eggs in these years. (2) The unfavorable type of season when the tem- 
perature remained low or at a moderate level, usually accompanied by 
cloudy weather, during the first two or three weeks in April while the 
eggs were developing. The springs of 1932 and of 1933 are examples 
of this type (Fig. 157). The protected eggs did not hatch nearly so well 
as the exposed eggs during these years. When the protective coverings 
were removed the soil under the heavy and medium covers was frozen to 
a depth of several inches. Consequently, when cool and cloudy weather 
prevailed, it was several days before the soil and eggs in these locations 
became as warm as in the exposed locations. It is interesting to note 
that for these two years the eggs in the exposed location, which was 
nearest to field conditions, showed decidedly the highest percentage of 
survival. 
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In the latter part of February 1930 an exceptionally warm period of 
weather was experienced, the temperature rising as high as 56° to 60° F. 
on six consecutive days. The exposed location warmed up rapidly to 
a point where development of the embryos could start, with the possi- 
bility that subsequent low temperatures would prove detrimental. With 
this possibility in mind, one cage from the exposed location and one 
cage from the wooden-cover location were brought into the greenhouse 
on February 24 at the end of the warm period. 

The eggs hatched in a few days. Of the 400 eggs brought in from the 
exposed location, 31.75 per cent hatched. Of the 800 eggs which re- 
mained in this location until spring and were subjected to the fluctuat- 
ing temperatures during March, 22.75 per cent hatched. Because of 
the small number of eggs in this test, the difference in percentage of eggs 
hatching may or may not be significant, but the writer is of the opinion 
that the eggs left in the exposed location during March were damaged 
by weather influences to an appreciable extent. The percentage of eggs 
hatching from the 400 eggs brought in from the wooden-cover location 
was approximately the same as that occurring in the eggs left in their 
original location out-of-doors. 

When the eggs were counted and placed in hibernation in the fall 
of 1932, it was noted that a good many were not as plump and shiny 
as usual, thus indicating an apparent departure from their normal con- 
dition when entering the overwintering period. In view of this appar- 
ently poor condition of the eggs, the very low survival in the spring of 
1933 is not surprising. Despite the consistently low egg survival, it is 
interesting to note that the ratio of the hatching of the exposed eggs 
to the hatching of the protected eggs is similar to that of 1932. 

SUMMARY.—Judging from the results secured in the series of experi- 
ments reported in this paper, it is apparent that low, or sharply fluctuat- 
ing, winter temperatures did not result in a low survival of pea aphid 
eggs, under the conditions existing in the vicinity of Madison, Wis. 

Cool and cloudy weather, during the period just previous to hatch- 
ing, resulted in a low survival of the protected eggs from which the 
coverings had been removed a short time before, but apparently did 
not affect adversely the hatching of the exposed eggs. 

Warm, sunny weather during the period immediately prior to hatch- 
ing resulted in a closely comparable survival of the eggs in both the 
protected and the exposed locations. 

The pea aphid eggs that were protected by artificial covering did not 
show a greater percentage of survival than those eggs that were ex- 
posed to the elements and occasionally were protected by snow. 

During the spring of 1932-33 a relatively low percentage of eggs 
hatched. It was observed in the fall of 1932 that the eggs were dull and 
wrinkled, in contrast to their normal shiny and plump appearance, in- 
dicating an apparent departure from their normal condition. 

The rate of survival of all eggs under observation during the four 
years of varied weather conditions was 26.8 per cent; for all eggs except 
those covered against sun and precipitation it was 30.3 per cent; and 
for all exposed eggs it was 33.1 per cent. The survival for individual 
lots ranged from 5.5 to 49.5 per cent. 
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STUDIES ON BIOLOGICAL CONTROL OF PSEUDOCOCCUS 
|! REVIPES (CKL.) IN JAMAICA AND CENTRAL 
AMERICA' 


By WALTER CARTER 


Since the establishment of the relationship between Pseudococcus 
brevipes (Ckl.) and mealy bug wilt of pineapples (1) the problem of 
control of the insect has become of great importance in Hawaii. Fairly 
adequate control is now being achieved by the use of oil emulsions but 
this method is costly in the aggregate and an adequate biological con- 
trol would be of great financial value. Although the Territorial Board 
of Agriculture and Forestry and the Hawaiian Sugar Planters’ Asso- 
ciation have for a number of years been introducing both parasites and 
predators of mealy bugs, (4) no effective biological control factor is 
operating at the present time on P. brevipes. Coccinellids are of some 
importance for short periods, particularly in the middle of large fields 
where the absence of ants renders P. brevipes liable to attack, but this 
factor is negligible as a control. Spiders and the grasshopper, Cono- 
cephalus saltator (Sauss.), are occasionally found eating mealy bugs. 
The Cecidomyid fly, Lobodiplosis pseudococci Felt, collected in Mexico 
by Mr. D. T. Fullaway of the Territorial Board of Commissioners of 
Agriculture and Forestry in 1930 is established but thus far appears 
to be of very minor significance. 

EXPLORATION IN CENTRAL AMERICA.—The pineapple plant (Ananas 
comosus (Linn.) Merr.) is presumed to be indigenous to South America 
and has been known in Central America since pre-Columbian times. 
The native home of the pineapple mealy bug (P. brevipes) has there- 
fore been considered to coincide with the indigenous range of the host 
plant from which the insect derives its name. It would appear logical 
then to explore Central and South America for parasites of the insect 
and the results herein recorded cover a period of approximately four 
months spent during the latter part of 1932 in Jamaica and portions 
of Central America. Although only a short time was spent in Jamaica, 
the cooperation of the Department of Agriculture staff in Kingston 
made a fairly adequate survey possible. Most of the time was spent in 
Guatemala where the assistance of Senor George Garcia-Salas, Director- 
General of Agriculture was invaluable. One short trip was made into 
Honduras where the assistance of Dr. Wilson H. Popenoe of the United 
Fruit Company greatly facilitated study. One area in San Salvador was 
Cr vered by Mr. E. Garcia-Salas who served as assistant during the 
writer's stay in Guatemala. 

MetuHops or Stupy.—Mealy bugs were collected from pineapple 
plants only. This policy was adopted primarily for the reason that col- 

ection on other hosts would be certain to include other species of mealy 
bug closely related to P. brevipes in appearance but whose parasites 

Published with the approval of the Director as Technical Paper No. 75 of the 
Experiment Station of the Pineapple Producers’ Cooperative Association, University 
of Hawaii 
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would not be likely to attack P. brevipes. Collections were brought into 
the temporary laboratories available and there kept under observation 
in cages. Ample opportunity was thus afforded for the emergence of 
parasites which may have been present in colonies of mealy bugs show- 
ing no external evidence of parasitism. 

Jamaica.—Pineapple plantings in Jamaica are perhaps typical of 
what were encountered throughout all the areas studied. No organized 
corporate holdings exist and plantings are limited to small patches for 
family use, the surplus fruit from these finding its way to local markets 
as fresh fruit. Plantings were examined which were growing undera 
wide variety of environmental conditions, from the coastal plain to 
mountain altitudes up to 2200 feet, and from dry hot open situations 
to extremely humid forest conditions. 

Mealy buds, apparently P. brevipes, were found widely distributed 
but certain characteristics of P. brevipes infestations as found in Hawaii 
were notably absent. In Hawaii, the principal source of infestation is 
from field edges and in unprotected fields a rather well-defined band 
of heavy infestation can be found on the pineapple plants growing on 
field margins (2). Associated with these populations is a heavy infes- 
tation of ants (Pheidole megacephala F.) which gradually encroaches 
further and further into the fields, extending its nests under the paper 
through which pineapple plants are planted in Hawaii, and carrying 
and encouraging the coincident encroachment of P. brevipes into the 
fields. A further dissimilarity exists in the pineapple plantings them- 
selves which are extremely small and isolated, usually growing in native, 
or partially cultivated sod, and separated from other plantings either 
by considerable distance or even when fairly close together, by dense 
growth of unrelated species of plant. In Hawaii, on the other hand, 
pineapple cultivation is continuous over large areas and new fields are 
invariably planted in close proximity to older, infested fields. 

These two major differences—the lack of Pheidole with the gradual 
and persistent extension of its nesting area and the isolation of plant- 
ings are probably responsible for the dissimilarity between P. brevipes 
infestation in the two places, Jamaica and Hawaii. 

The similarities are also interesting. In Hawaii, the fire-ant (Solenop- 
sts geminata F.) is found in many places attending scattered P. brevipes 
populations inside field areas. This role is also assumed on occasion by 
some other ant species (3). These inside-field colonies rarely spread far, 
due, no doubt, to the centralized nesting habit of the ant species con- 
cerned. 

In Jamaica, and for that matter, throughout the entire Central Ameri- 
can area visited, mealy bug colonies of any size were invariably associ- 
ated with Solenopsis ants. Colonies of a size and vigor equal to the heav- 
iest infestations encountered in Hawaii were found. Here Solenopsis 
ants were in attendance. The heaviest infestations of this type were 
found in the plains district near Kingston but examples occurred in all 
the localities visited. Where Solenopsis was not present mealy bug col- 
onies were rare and, when found, small. 
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The complete absence of parasites in any of the material observed 
and collected was noteworthy. Other species of mealy bug growing in 
close proximity to pineapple plantings were found heavily parasitized 
but no evidence of parasitized P. brevipes was found. Predators were 
also extremely scarce. The usual Coccinellid complex was also absent, 
only occasional larvae being seen. A Cecidomyid species was found in 
a few instances. This species was considered promising at first but later 
studies in Guatemala revealed it there in much greater numbers with- 
out any control of P. brevipes being apparent as a result of its activities. 
This species is probably L. pseudococci Felt, which was introduced into 
Hawaii by Fullaway in 1930 and which was shown to have become es- 
tablished in the early fall of 1933. Thus far in Hawaii it appears to have 
achieved approximately the same status as in Guatemala. 

In Hope Gardens near Kingston, pineapples have been grown for 
some time in one small area. Careful examination of these plants re- 
vealed extremely small populations of mealy bugs and these mostly 
small individuals deep in the hearts of the plants. Associated with these 
was a large population of a small grey-blue lizard. Not sufficient time was 
available to determine experimentally whether this association was an 
intimate one but the possibility of introductions of lizard species as 
part of the program of biological control of P. brevipes in Hawaii might 
be profitably considered. In these same Hope Gardens, a Cecidomyid 
was also found but very rarely, a situation which was explained by the 
fact that large sized P. brevipes were very rare and Cecidomyids are 
normally found on such specimens. 

GuATEMALA.—In this country of strong physiographic contrasts, col- 
lecting was possible in an extremely wide range of environments. On 
the Atlantic coast along the coastal plain, settlement is limited to a 
narrow strip along the north and here pineapples were found growing 
as small isolated patches of cheese pine, frequently in dense native vege- 
tation. 

In the highlands an attempt at cultivation is being made with vari- 
eties other than cheese pineapple. These plots were at altitudes of around 
3,600 feet and mealy bug colonies were rare and small. On one small 
plot of pineapples growing at an altitude of 4,000 feet no mealy bugs 
were found. 


BIOLOGICAL CONTROL Factors OPERATING IN GUATEMALA AND 
SPANISH HONDURAS 

PREDATORS; CoccINELLIDS.—Nephus pictus Gorh. was universally dis- 
tributed except in the highest elevations but its incidence was casual 
and apparently no factor in control. 

Brachycantha sp. was found rarely in both Guatemalan lowlands. It 
has a bright yellow larva without waxy vestiture and was only found 
on infested fruits. It is evidently much more restricted in its locomotion 
and habitat than is N. pictus. 

DipTERA: Pseudiastata nebulosa Cog. This Drosophilid, which was 
introduced to Hawaii by Fullaway in 1924 but which had not estab- 
lished was the most interesting biological control factor encountered. 
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It was found throughout Guatemala except in the highlands and fre- 
quently in large numbers on a single plant. It was found on all parts of 
the plant, both above and below the soil line, an important character- 
istic when the host insect’s major wild habitat in Hawaii is on the roots 
of grasses. Its failure to achieve control can readily be understood when 
its own parasitism is considered. Most of the pupae collected were para- 
sitized by a species of Chalcid.? A second Chalcid species also emerged 
frequently. This species is undoubtedly a hyperparasite. The surest 
way to obtain P. nebulosa adults was to rear the larvae through in cap- 
tivity. In this manner and by gross collecting, pupae were successfully 
reared and sent from Guatemala by air mail and steamer.’ Others were 
carried back by the writer. These were released in large cages contain- 
ing large colonies of P. brevipes. Though one or two first generation 
adults emerged the colonies finally died out completely. Though this 
introduction failed, the species P. nebulosa is promising enough to war- 
rant further effort. However, the minimum host requirements of this 
species are considerable. 

CrcipomyID spp.—These were extremely common in the lowlands and 
were occasionally met with in the highlands. They were found attack- 
ing mealy bugs on fruit and hundreds were bred out of heavily infested 
fruits. It was never, however, found except in the presence of large 
mealy bug colonies and was apparently a minor control factor. 

HyYMENOPTEROUS PArRAsites.—No definite evidence of parasitism on 
P. brevipes was observed. One species of Chalcid was bred from mealy 
bugs on pineapple from Escuintla but there was doubt as to the identity 
of the mealy bug as P. brevipes. Caging the emerged Chalcids on un- 
doubted P. brevipes colonies failed to establish them. A shipment of this 
species was made but none emerged on arrival in Honolulu, due, prob- 
ably, to the cold storage used en route. 

A second species of Chalcids was reared from material sent on by 
Mr. Salas after the writer returned to Hawaii. These emerged and lived 
for a considerable time in a P. brevipes cage, but failed to establish a 
colony. 

DiscussIOoN 


It is evident that specific parasites of P. brevipes are either extremely 
rare or entirely absent in the areas investigated. Predators only, particu- 
larly Pseudiastata nebulosa, appear to be operating but none of these 
gave any evidence of efficiency. One important consideration in the 
biological control by predators is that of the minimum host population 
required. This, in the case of P. nebulosa is high, since seven larvae con- 
sumed over 100 medium to large size P. brevipes during the last half 
of their larval lives. 

It is true that predators frequently reduce insect populations to non- 
economic levels but no instance is on record where this has occurred 
in the case of an insect transmitter of a plant disease or of a toxinif- 


*Mr. P. H. Timberlake advises that all the Chalcid species mentioned are probably 
new. 

*The care of this material in quarantine and insectary was in charge of Mr. Carl 
T. Schmidt. 
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erous‘ insect. In the latter cases the non-economic population levels 
are much lower and a population too small to support a predator might 
still be of economic significance in reference to plant diseases. For ex- 
ample, two Pseudococcus species, longispinus and virgatus, are found 
occasionally on pineapple in Hawaii, but no damage is done other than 
the leaf spotting typical of the Coccidae. Both are parasitized to the ex- 
tent of reduction to insignificant levels but if P. brevipes was subject 
to similar parasitism the control obtained would be quite inadequate 
since the population remaining would still be sufficient to maintain 
mealy bug wilt. 

A combination of extremely effective predators and parasites might 
bring about the desired result but it should be recognized that the es- 
tablished criteria for effectiveness of biological control are inadequate 
in the case of disease transmitters and toxiniferous insects whose popu- 
lations must be reduced to a level which controls not only the insects 
but also the incidence of the associated disease. 


LITERATURE CITED 


1. CARTER, WALTER. The pineapple mealy bug, Pseudococcus brevipes, and wilt of 
pineapples. Phytopath., 23(3) : 207-242. March 1933. 

——————- Studies of populations of Pseudococcus brevipes (Ckl.) occurring on 
pineapple plants. Ecology, 13(3) : 296-304. 1932 (July). 

3. Puiturps, J. S. The biology and distribution of ants in Hawaiian pineapple fields. 
(In press.) 

4. Swezey, O. H. Records of introduction of beneficial insects introduced into the 
Hawaiian Islands. Hawaiian Planters’ Record xxix No. 4, October 1925: See 
also revised reprint in ‘“‘Insects and other invertebrates of Hawaiian sugar 
cane fields’, Francis X. Williams. 1931. 


THE HOLLY SCALE, ASPIDIOTUS BRITANNICUS NEWSTEAD 
AND 
OTHER INSECT PESTS OF ENGLISH HOLLY IN OREGON!’ 


By J. R. Roar, Graduate Assistant, and Don C. More, Entomologist, Oregon 
Agricultural Experiment Station 


The commercial holly industry of the Pacific Northwest is centered 
in the mild, rather humid portions of southwestern British Columbia, 
western Washington and northwestern Oregon. Approximately $50,000 
worth of Oregon holly products was exported in 1934, one-half of which 
was shipped into California. The value of holly products sold in Oregon 
is estimated to equal this amount.? English holly also is very popular 
as an ornamental plant and many valuable trees are grown in parks 
and residences. 


‘toxine (ae) poisonous substance. 
phoreus = ferous — carrier. 
1Published as technical paper No. 230 with the approval of the Director of the 
Oregon Agricultural Experiment Station. A contribution of the Department of 
Entomology. 
*Unpublished questionnaire on the holly industry of Oregon, J. S. Wieman, 
Horticultural Inspector, Oregon State Department of Agriculture. 
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The holly or laurel scale, Aspidiotus britannicus Newstead, is the 
most important insect pest of English holly in Oregon. This introduced 
insect has been present in Oregon for at least thirty-six years, but has 
attracted very little attention until recently. The holly scale was de- 
scribed and named by Robert Newstead (16) from specimens taken 
from holly grown at Teddington, near London, England. In the same 
year, 1898, Dr. A. B. Cordley, Entomologist, now Dean Emeritus of 
the School of Agriculture of Oregon State College, collected specimens 
of this insect on English holly at Salem, Oregon (7), (8). 

IMPORTANCE AND INyJuRY.—The holly scale weakens and devitalizes 
infested plants and also seriously detracts from their ornamental and 
decorative value. The presence of the scales on the leaves, twigs, and ber- 
ries may so disfigure the plants or cuttings as to make them undesirable 
or even unsalable as ornamental plants or for Christmas decorations. 

The greatest of the losses attributed to this insect has resulted from 
the restriction of the sale and distribution of Oregon holly. Shipments 
of Oregon holly have been rejected by California quarantine officials 
because of the presence of the holly scale, and further shipments have 
been discouraged and at times prohibited. On the other hand, these 
quarantine restrictions have greatly stimulated the development and 
use of methods to control the holly scale. 

PLants ATtTacKED.—The holly scale in Oregon is of primary im- 
portance on English holly, /lex aquifolium, although it is occasionally 
found on English laurel, Prunus laurocerasus, and box, Buxus semyer- 
virens. Host plants recorded from other localities are given in Tables 
1 and 2. 

APPEARANCE AND Lire Hasits.—The scale cover of the adult female 
is about 1.75 to 2 millimeters in diameter, slightly oval or round, with 
the exuviae central or a little to one side. The male scale cover is oval, 
about the same length as that of the female and about one millimeter 
in width. Both the male and female scale covers on the under sides of 
the leaves are lighter in color than those on the upper or more exposed 
surfaces of the leaves. The majority of the insects on the upper sides 
of the leaves are females and most of those on the under sides are males. 

The adult female scale insects collected in Oregon and studied by 
the authors were found to have eight pairs of spine-like setae on the 


TABLE 1. Some Locations AND Hosts From Wuicu A. brifianicus HAS BEEN REPORTED 


Locality Host Date Authority 
England... . Fale Ue un aaee English holly 1896 Newstead (15) 
England... .. .. English holly 1898 Newstead (16) 
Salem, Oregon ....+ English holly 1898 Cordley (8) 
England, U.S. A.. ... Holly, Ruscus hypoglossum (butcher's broom) 1900 Newstead (17) 
England, Oregon 

oston, Mass ue .. Holly 1902 King (13) 
San Francisco ..+++see Butcher's broom 1915 Essig (11) 
Bay region, Calif ...» English laurel and holly : 
Indiana..... os seeeeees Bay trees (Laurus nobilis) in greenhouses 1915 Dietz & Morrison 

(9) 

OO . Bay in greenhouse 1916 Weiss (20) 
Connecticut...... ...» Ingreenhouses 1923 Britton (5) 
/ | nat .. Blaeagnus angustifolia (Oleaster) 1923 Arkhangelskaya (1) 
Transjordania......... . Olea europaea (olive) 1923 Bodenheimer (3) 
Palestine 0 aa Olea (olive) 1924 Bodenheimer (4) 
Island of Rhodes .. Ligustrum (privet) 1926 Teodoro (19) 


Cyprus wii Carob, Ceratonia siliqua 1928 Morris (14) 
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TABLE 2. INTERCEPTIONS OF A. britannicus IN CALIFORNIA 
(Monthly Bulletins of the California State Dept. of Agriculture) 


Source Host Date Vol. No. Page 
eet he ee er eee ee ee Laurus sp. 1912 I 12 807 
ea citns cenensseniaéneecs wares vactwote eee 1913 II 7 599 
"ee ceebcdedecsdenbaddes ¥OG4 536d aeReweD Bay 1913 III 2 94 
ee til ie hy ee wig Das bie hig Sin cit stink eteliees wie Bay 1914 IV 1 55 
Gross cle ceed pencsdbeseceGees Sdh-jy sole taint io ese aoe 1915 IV 8 401 
tL... cecehatwhacet De ia eddie wiehvieciatte ee 1915 IV 12 576 
Belgium...... nile SEE SEARED EO e men Wo ees . Bay 1915 V 1 24 
PT. .dchoshunendtedeekenaccnewne ne ... Bay 1915 V 1 24 
ESS Ge ee ee ee xe ou ee 1915 Vv 2 75 
Chen visevenceanntn ‘= Sica ace wile aac .. Bay 1916 V 3 123 
ES whe exae 4 “ae sibeedkams i : . Orchids 1916 V 10 392 
Rn Chee nna edee oer dina i adeddsdnckdavaenvee’ Bay 1916 VI s 36 
Holland....... RST Mee Mee ree : Bay 1916 VI 2 66 
DP ittbnsh rid waseeddernaeea - ‘ . Bay 1916 VI 2 67 
can as walwaie ma hed Sed ESET = . Bay 1919 VIII 7 432 
ad vo metee Dimatnart eae . Bay 1919 VIII 9 547 
New York..... a CE AN er 1919 IX 1&2 50 
Ps & bAnerdavecceeennuacuws piace 1920 IX 7 301 

? 1931 XX 12 801 


pygidium (Fig. 158), whereas Newstead (16) describes but two pairs of 
spines, adding, however, that his specimens were too badly infested 
with fungus to distinguish more, but he believed them to be present. 





Fic. 158.—Pygidium of the holly scale Aspidiotus britannicus 
Newstead. 


Also, three squames were found in the third incisura, whereas Newstead 
describes and illustrates two squames in the third incisura. Cockerell 
(6) illustrates three squames in his drawing of A. (‘‘hederae’’) britannicus, 
which, according to Cockerell and Parrott (7) was made from material 
supplied by Newstead. 

The adult male is a two-winged insect about 1.5 millimeters long, 
bright yellow in color with a dark band extending across the mesonotum. 
The male insects emerged in the late afternoon and evening in the labo- 
ratory and usually died within twenty-four hours, indicating a very 
short life as adults even under natural conditions. 

The yellow, oval eggs, about .25 millimeters long, are deposited usu- 
ally at the rate of from one to three a day and hatch in four to six days. 
Approximately one hundred eggs are laid by each female during the 
late spring and summer. 
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The seasonal life history and yearly variations in Oregon are shown 
in. Table 3. The difference between the two generations is probably 
due to the relatively severe winter and late spring of 1933, as compared 
with the mild winter and early spring of 1934. 


TABLE 3. SEASONAL Lire History oF THE HOLLY SCALE THROUGH 1933 
AND PAarT oF 1934 


Tan.j Feb.jMar. [May z ~ [Sept .] Oct. [Nov.] Dec. 
1933 hird instar 
Adult 


Females 







































































Second Instar 
iL an 
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1958 lrmpeb | _ 
Adult 
Hees | 
Males 
First tear 
Second Instar 
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Prepupee 
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_ Pubes 
1934 
Agult 
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NATURAL ENEmIES.—The most important natural enemies of the 
holly scale appear to be two chalcid parasites,* Aphytis (Aphelinus) 
mytilaspidis (LeBaron) and Aspidiotiphagus citrinus (Crawford). 

A. mytilaspidis larvae, pupae, and adults are the same bright yellow 
color as the scale insect. The adult chalcid is about 1.5 mm. in length. 


*Determined by A. B. Gahan, Bureau of Entomology and Plant Quarantine, U. S, 
Department of Agriculture, and P. H. Timberlake, Citrus Experiment Station, 
Riverside, California. 
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The larva feeds externally on the body of the host underneath the scale 
cover, and the adult emerges without making a hole in the scale cover. 

The adult A. citrinus is about .75 mm. in length and is yellow in color 
with a darker band across the abdomen. The larval and pupal stages 
are passed inside the body of the scale insect, and the adult emerges 
through a hole in the scale cover of the host. 

Either one or both of the chalcids have been found attacking almost 
all of the holly scales in certain infestations during the late spring and 
summer. The effectiveness of the parasites, however, appears to be 
limited by their inability to attack the younger scale insects since there 
is a scarcity of more mature holly scales during the latter part of the 
summer. 

In studies of this parasite in its relation to the red scale, C. aurantit, 
in California, Quayle (18) found that A. cttrinus appeared to be unable 
to parasitize this host in the first instar. In Oregon no parasites have 
been found attacking the holly scales in the first instar nor in the early 
part of the second instar. 

Both of the chalcids winter as larvae and pupae within their hosts, 
the adults emerging in the first warm days of spring. Eggs are laid 
and the parasites increase in numbers during the spring and early sum- 
mer until most of the mature scales have died as a result of parasitism 
or other causes. The chalcids are then reduced in numbers until the 
young holly scales reach the infective stage, usually in October or No- 
vember. 

The failure of attempts to maintain infestations of the holly scale 
in the greenhouse is attributed to the continuous reproduction of the 
parasites under the warmer conditions. The low reproductive potential 
of the holly scale as compared with the rapid development of the para- 
sites under these conditions will probably prevent this scale insect from 
becoming a serious pest in greenhouses where these or similar parasites 
are established. According to Dietz and Morrison (9) an infestation of 
the holly scale in a greenhouse in Indiana was so heavily parasitized 
that specimens of the scale insects were unobtainable for life history 
studies. 

APPLIED ConTROL.—The holly scale in Oregon has slowly extended 
its range since 1898 until by 1931 it was present in more or less serious 
proportions in many of the holly growing areas of Oregon. At this time 

was considered advisable to establish inspection of holly intended for 
shipment with treatment to kill any scale insects present, as an emer- 
gency measure to permit the sale and distribution of Oregon holly with 
the least danger of increasing the distribution of the scale insects. Quar- 
antine order No. 25 of the Oregon State Department of Agriculture 
was promulgated on June 20, 1932. This order prohibits the sale or dis- 
tribution of Oregon holly from orchards not inspected and found clean 
of live scale insects unless the holly be treated according to the recom- 
mendations of the Oregon State Department of Agriculture. 

The use of insecticides directed against the insects in the orchards 
was considered to be of major importance and the growers were en- 
couraged in their efforts to eradicate or control the holly scale on the 
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trees. Control measures, therefore, include the inspection and treat- 
ment of cut holly as well as the use of sprays, dusts or fumigants to 
combat the insects in the orchards. 

Since the season of 1931, commercial holly treating plants have been 
established in Portland and other holly shipping centers during the 
holly shipping season. Three different kinds of materials have been in 
use, none of which have proved to be entirely satisfactory. 

A linseed oil soap solution, containing 16% soap, .2% formaldehyde 
solution (37% formaldehyde), and .2% nicotine sulphate (40%), was 
used during the season of 1932. This material is said to have been demon- 
strated to the satisfaction of the California quarantine officials by J. B. 
Kelly of the Mount Hood Holly Orchards, Portland, who appears to 
be the author of this treatment for cut holly. At the request of the Ore- 
gon State Department of Agriculture, the Department of Entomology, 
Oregon State College, made some limited tests of this material on Oc- 
tober 25, 1932, and examined some infested holly treated at some of 
the dipping plants in Portland. 

This treatment appeared to be effective in October and November, 
but in the latter part of December live scale insects were found by Cali- 
fornia quarantine officials, and the Entomology department, Oregon 
State College, on holly that had been treated at six different plants in 
Portland. Apparently this material cannot be depended upon to kill 
the scale insects under all conditions. 

Two to three per cent oil emulsion dips were used in the seasons of 
1933 and 1934, the oils used ranging from the medium summer oils 
to the heavier dormant type of oils. Examinations of holly samples 
treated at the commercial dipping plants indicated that the oil emulsions 
of sufficient toxicity to kill all of the scale insects present were likely 
to cause more or less injury to the foliage or berries of at least the more 
susceptible varieties of English holly. 

A hot soap solution was used to a limited extent in the season of 1934. 
This material contained about 10% linseed oil soap and .2% formalde- 
hyde solution (37% formaldehyde). The holly was immersed for ten 
minutes in this solution at a temperature of 104 to 108° F. Later in the 
season, injury to the riper berries necessitated the use of lower temper- 
atures, 100 to 102° F. At this temperature the solution could not be de- 
pended upon to kill all of the scale insects. 

Formaldehyde was reported by Wieman and some holly producers to 
improve the appearance and keeping qualities of the holly. Tests with 
formaldehyde in the soap solution indicated that it slightly increased 
the insecticidal qualities of the solution. For these reasons and because 
of its low cost, formaldehyde was added to the solution. 

Due to the failure to develop an entirely satisfactory treatment for 
cut holly, the growers have been forced to rely more upon control of 
the scale insects in the orchard. This method of attack has proved bene- 
ficial to the holly industry as most of the growers have been quite suc- 
cessful in controlling the holly scale in their orchards. 

Limited control tests and the reports of nurserymen indicate that oil 
emulsion sprays 3 to 100 (viscosity 75 Saybolt, sulfonation test not less 
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than 85), are quite effective in killing the scales without injury to the 
host plant. 

The most satisfactory time for the application of this spray is in the 
early spring before the buds open and before the crawling youngare 
present. This is important as the young scale insects that have not left 
the parent, or that have crawled underneath another adult scale, have 
been found most difficult to reach with oil sprays. Furthermore, better 
coverage can be obtained at this time as there is less foliage on the tree, 
especially if a large amount of holly has been removed for the previous 
Christmas season. Also, the late spring and fall rains effectively remove 
the oil from the leaves before the next holly cutting season. 

Holly trees are particularly difficult to spray effectively because of 
the dense, stiff foliage. Special effort should be made when spraying 
to cover the lower, more protected parts of the tree where the scale in- 
sects are usually most abundant. 

Pruning out the bottom branches to a height of about eighteen inches 
and spacing the holly plants fifteen to twenty feet apart are recom- 
mended to facilitate spraying. 

Preliminary tests with the use of calcium cyanide ‘“‘Cyanogas A-dust”’ 
indicate that this fumigant may be of value in the control of the holly 
scale. More conclusive experimental evidence is necessary before defi- 
nite recommendations can be made for the use of this material on English 
holly. 

OTHER INsect Pests oF ENGLISH HOLLY IN OrEGON.—The oblique 
banded leaf roller, Cacaecia rosaceana Harris,* and the soft brown scale, 
Coccus hesperidum Linn.,° have been found to cause some damage to 
English holly in Oregon. 

Injury to the terminal shoots by the oblique banded leaf roller has 
been quite severe in some orchards, but as yet no work has been done 
on the life history and control of this insect on English holly in Oregon. 
Moths were reared from holly August 24, 1933 and June 11, 1934, in- 
dicating that this moth may have two generations a year on holly in 
Oregon, as has been reported by some growers. 

The soft brown scale is widely distributed throughout Oregon on 
many host plants, and occasionally heavy infestations are found on En- 
glish holly. The life history and control of this insect on English holly 
in Oregon has not been determined but it appears to be readily con- 
trolled by the same treatment recommended for the control of A. britan- 
nicus, 

Two serious holly pests, the holly leaf miner, Phytomyza tlicis Curtis, 
and the holly bud moth, Rhopobota naevana (Hubner) var. tlictfolia, are 
reported as being present in British Columbia and Washington (Baker 
(2), Downs (10), Gibson (12)), but do not appear to be present in Ore- 
gon as yet. 

‘Determined by August Busck, Bur. Entomology and Plant Quarantine, U. S. 
Department of Agriculture. 


*Determined by Harold Morrison, U. S. Bureau of Entomology and Plant Quaran- 
tine. 
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SUMMARY 


. A. britannicus, an introduced insect, is the most important pest of 
English holly in Oregon. 

. Infested plants may be seriously weakened by this scale insect and 
the presence of the scales detracts from the ornamental and decora- 
tive value of plants and cuttings. 

3. The efforts to prevent the spread of the holly scale have curtailed 
the marketing and distribution of Oregon Christmas holly. This is 
only temporary as effective control of the scale will greatly increase 
the sales. 

. The scale insects on holly cut for the Christmas season were found 
to die when the leaves dried. Largely because of this finding, the 
California quarantine officials lifted their ruling for small cuttings 
incapable of propagation, such as small wreaths and boutonnieres. 

. The female insect lays about 100 eggs in late spring and summer; 
eggs hatch in four to six days; winter is spent in the immature stages. 
The scale insect has one generation a year on holly growing out of 
doors in Oregon. 

Aphytis mytilaspidis and Aspidiotiphagus citrinus, chalcids, were 
reared from the holly scale. 

. Good results are obtained with the use of oil emulsion sprays, 3 to 
100, (viscosity 75 Saybolt, sulfonation test not less than 85), applied 
in the early spring. Limited tests indicate that Cyanogas A-dust may 
be of value in combating this pest. 


3. The oblique banded leaf roller, Cacaecia rosaceana Harris, and the 
soft brown scale, Coccus hesperidum Linn., are minor pests of English 


holly in Oregon. 
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THE VACUUM FUMIGATION OF FLOUR PRODUCTS WITH 
HYDROCYANIC ACID 


By H. D. YounG, GEorGE B. WAGNER, and R. T. Cotton, Bureau of Entomology 
and Plant Quarantine, U. S. Department of Agriculture’ 


It is difficult to fumigate flour products successfully under conditions 
of normal atmospheric pressure owing to the fact that flour is made 
up of very fine particles that pack closely together and are not easily 
penetrated by fumigants. To fumigate flour successfully it is necessary 
that the fumigant penetrate to all parts and remain there in killing 
concentrations long enough to be effective against flour-infesting insects. 
In fumigations at normal pressures it is only by using extremely heavy 
dosages for long exposures that good results are obtained. 

Vacuum fumigation has proved effective in obtaining a quick and 
thorough penetration of various products by fumigants, although little 
information is available on the treatment of flour products by this method. 

In order to obtain information regarding the correct dosage of hydro- 
cyanic acid for use in the vacuum fumigation of different types of flour 
products, the writers carried on a series of tests during the summer and 
fall of 1934. The experiments were conducted chiefly in a vacuum tank of 
14 cubic feet capacity, holding, when full, approximately 500 pounds 
of flour, although the results were checked in a large vacuum tank of 
2,550 cubic feet capacity. 

In the course of these experiments many factors were observed to 
exert an influence on the effectiveness of the fumigation. The more 
important of these are discussed in this paper. 

In an attempt to learn just what took place during the fumigation, 
observations were made on the gas concentrations in the tank as well 
as on the reaction of the insects to the gas. 

For determining the effect of the fumigants on the confused flour 
beetle (Trib lium confu-um Duv.), l-ounce tin salve boxes with copper- 
screened tops and bottoms, containing approximately 30 insects, were 
buried inside cloth bags of flour. 

‘The writers wish to thank Mr. R. C. Jackman of the Jenny Wren Milling Com- 
pany, Lawrence, Kansas, for providing the fumigation equipment, the flour products, 
and the many facilities of his mill. 
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The method of determining the hydrocyanic acid content of the air 
within the vault was as follows: 

As soon as the vacuum was released, | liter of air from the vault was 
aspirated through a 1 per cent solution of sodium carbonate to which 
a crystal of potassium iodide had been added. The solution was titrated 
at once with N/100 silver nitrate solution and the results calculated as 
milligrams of hydrocyanic acid per liter of air space. 

MAINTAINING THE VAcCUUM.—In order to maintain a killing concen- 
tration of hydrocyanic acid gas in the center of a package of flour, it is 
necessary to maintain a high vacuum throughout the fumigation, or at 
least long enough for the flour in the center of the bag to absorb enough 
of the gas to cause the death of the insects found there. 

In two experiments in the small vacuum tank, ten 48-pound cloth 
bags of flour were fumigated for 1 hour with a dosage of 11% ounces of 
liquid hydrocyanic acid. In the first experiment the vacuum was dropped 
from an initial vacuum of 27 inches to zero as soon as the fumigant was 
introduced, whereas in the second experiment the vacuum was held 
for 10 minutes after the fumigant was added and then dropped to zero. 
Adults and larvae of 7ribolium confusum buried in the middle of the 
bags of flour were all killed in the second experiment where the vacuum 
was held. None, however, were killed where the vacuum was broken 
immediately after the introduction of the gas. 

To determine what was happening to the gas during the fumigation, 
gas concentrations were taken at 10-minute intervals throughout the 
experiments with the results shown in the curves of Figure 159. 

It will be noted that when the vacuum is held the absorption is much 
greater and takes place with greater rapidity than if the vacuum is not 
held. In this case the amount of absorption that takes place is an indi- 
cation of the efficiency of the fumigation. 

Errect or A Hicu Initia, Vacuum.—lIn attempting to figure dos- 
ages for use in the larger tank from results obtained in the smaller tank, 
it was found that more fumigant was needed in the larger tank in pro- 
portion to its size to obtain similar results. The only apparent differ- 
ence between the two tanks other than the size was the degree of vacuum 
that could be obtained. In the large tank only 26 inches of vacuum could 
be obtained, whereas a vacuum of 29 inches could be obtained in the 
small tank. It seemed likely, therefore, that the initial degree of vacuum 
had a marked influence on the efficiency of the fumigation. 

That this theory was correct is shown by the data of Table 1. 


TasLe 1. Tue Errect oF VARYING DEGREES OF VACUUM ON THE EFFICIENCY OF HyDROCYANIC 
Acip GAS IN A 1-HoUR FuMIGATION AGAINST FLOUR BEETLES BURIED IN THE MIDDLE OF 48- 
POUND BaGs oF FLouR IN A 14-cUBIC-FOOoT TANK 


Dosage of liquid HCN Temperature of flour Mortality 


Initial vacuum drawn 
Per cent 


Inches Ounces 
3/ 


/ 
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In the series of experiments represented by the data of Table 1, ten 
48-pound bags of flour were fumigated for 1 hour, the initial degree of 
vacuum drawn ranging from 26 to 29 inches. The dosage needed to 
kill adults of the flour beetle, Tribolium confusum, buried in the middle 


Fic. 159.—Concentration of HCN in vacuum vault, load ten 48- 
pound bags of flour; dosage 11 oz. liquid HCN in 14 cu. ft.; vacuum 
27 inches 


of these bags was determined under the different conditions. It was 
found that with an initial vacuum of 29 inches a dosage of % ounce of 
hydrocyanic acid in the 14-cubic foot tank gave a complete kill, where- 
as with only a 26-inch vacuum it required % of an ounce of liquid hydro- 
cyanic acid to give a 100 percent kill. 

A study of the gas concentrations in a vacuum tank in which flour is 
being fumigated explains the difference in killing efficiency of the fumi- 
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gant when used under different degrees of vacuum. The curve of Figure 
160 indicates the concentration of hydrocyanic acid gas in milligrams 
per liter found in the vacuum tank at the end of a 1-hour fumigation of 


Fic. 160.—Concentration of HCN found in vacuum vault at end of 1 hour; 
load two 48-pound bags of flour; dosage 1 oz. in 14 cu. ft.; initial vacuum 


drawn varied. 


two 48-pound bags of flour with a constant temperature of 68° F., a 
constant dosage of 1 ounce of liquid hydrocyanic acid, but with different 


degrees of initial vacuum. 
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It will be noted that within the region studied the absorption of hydro- 
cyanic acid gas by the flour as indicated by the gas remaining in theair, 
increases linearly with increase in vacuum. 

Errect or Gas CONCENTRATIONS ON THE ABSORPTION.—During the 
course of our experimental work it was observed that the degree of ab- 


Fic. 161.—Concentration of HCN in vacuum vault at end of 1 hour; 
dosage 1 oz. in 14 cu. ft.; vacuum 28 inches; load varied from 1 to 
10 bags of flour. 


sorption (the indication of penetration) is a function of concentration. 
In other words the amount of gas a given amount of flour will absorb 
will vary with the concentration of gas present in the tank. This is 
shown by the curve in Figure 161. 

Figure 161 is based on a series of experiments in which a constant dosage 
of 14 ounce of hydrocyanic acid was used to fumigate from one to ten 
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48-pound bags of flour under a vacuum of 28 inches. At the end of a 1- 
hour exposure, the concentration of hydrocyanic acid gas remaining in 
the tank was measured. One test was made with no load in the tank. 
It will be noted that one bag of flour was capable of absorbing approxi- 
mately 72 per cent of the gas, whereas two or more bags absorbed only 
slightly more than the one bag alone. 

EFFECT OF THE Loap ON ABsoRPTION.—The amount of absorption 
varies in accordance with the load, the greater the load the greater the 
absorption. Hence more gas is required to fumigate a large load than 
a small one. Table 2 indicates the variation in absorption of hydrocyanic 
acid gas by different quantities of flour products when fumigated for 1 
hour with a constant dosage. 

TaBLe 2. Errect or Loap ON THE CONCENTRATION OF Hyprocyanic Acip Gas REMAINING IN A 


14-cuBic-Foot TANK AFTER 1 Hour oF FumiGation Witn a DosaGe oF 1 OuNcE or Hypro- 
cyanic Acip. Init1aL Vacuum 28 INcHes, TEMPERATURE 80°F. 


Wheat flour in 48-pound bags Corn meal in 144-pound cartons 

Bags in tank Concentration of gas per liter Cartons in tank oncentration of gas per liter 

Mg. Mg. 
None 58.3 N 58.3 

16.6 7 29 
16.0 7 
12.7 - 8.2 
10.2 5. 

6.0 


Similar results are shown by the curves in Figure 162. These curves 
indicate the rate of absorption of hydrocyanic acid gas by different 
quantities of flour over a period of 50 minutes, when fumigated with a 
constant dosage of 58 ounce of hydrocyanic acid in a 14-cubic-foot tank. 

It is clearly evident from the foregoing data that the dosage should 
be figured in relation to the quantity of flour to be fumigated rather 
than according to the size of the tank. 

THe Errect or TEMPERATURE.—Within the limits of our experi- 
ments differences in temperature of the flour fumigated had no effect 
upon the rate and the quantity of hydrocyanic acid gas absorbed. 

In a series of experiments 12-pound bags of flour at temperatures 
of 54°, 57°, and 66° F. were fumigated with a l-ounce dosage of liquid 
hydrocyanic acid for a 1-hour period. At the end of that time the same 
concentration of hydrocyanic acid gas, 2.3 mg. per liter, was found to 
be present in the vacuum chamber regardless of the temperature of the 
flour. Twenty bags of flour were used in each test. 

In one of these experiments adults and larvae of the confused flour 
beetle were buried in a 12-pound bag of flour having a temperature of 
57° F. and in another having a temperature of 66° F. Although these 
bags and the insects they contained were fumigated in the same vault 
and at the same time, all the larvae and beetles in the bag of flour at 
the higher temperature were killed while in the other bag none of the 
larvae and only 12 per cent of the adults were killed. 

This illustrates the well-known fact that temperature is an important 
factor in fumigation. 

From the foregoing discussion of the factors influencing the efficiency 
of hydrocyanic acid in the vacuum fumigation of flour products, the 
difficulty of recommending a dosage that will be effective under all con- 
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ditions will be realized. For general purposes it is believed that a dosage 
of 8 ounces for every 10,000 pounds of flour products for a 3-hour ex- 


4 


Fic. 162.—Concentration of HCN in vacuum vault at 10 minute inter- 
vals; dosage 54 oz. in 14 cu. ft.; vacuum 27 inches held for 3 minutes 
then reduced to zero. 


posure will be effective against all stages of the flour beetle. This dosage 
is based on the use of a vacuum of 28 inches* and with flour temperatures 
of 70° F. or higher. 


2In the locality in which the described experiments were conducted, the atmos- 
pheric pressure ranged from 29.1 to 29.3 inches during the period involved, therefore 
the recommendation of a 28-inch vacuum actually corresponds to a recommendation 
of residual pressure of 1.1 to 1.3 inches of mercury. 
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SILICATES OF SODA INCORPORATED WITH LEAD 
ARSENATE IN THE LAST REGULAR SPRAY AN 
AID TO RESIDUE REMOVAL' 


By C. L. Fiuke, ELEANoR P. Dunn, and P. O. Ritcuer, University of Wisconsin, 
Madison 


Certain silicates of soda will aid in the removal of lead arsenate spray 
residues from apples by three methods which differ somewhat from the 
usual “‘tank washing”’ process so far recommended: First, by incorporat- 
ing the silicate of soda in the last regular spray of lead arsenate; second, 
by applying a spray of silicate of soda to the fruit just before picking 
and following with a clear water spray; and third, by dipping the picked 
fruit in an unheated bath of silicate of soda following with an unheated 
water bath. 

The first and second methods proved to be the most interesting parts 
of the experiment as they involve very little extra time and expense 
to the fruit grower. The incorporation of the silicate in the last regular 
spray increased the natural weathering of the residues and also increased 
the efficiency of removal by silicates of soda at the time the fruit was 
picked. 

The silicates of soda used in these experiments were those manu- 
factured and furnished by the Philadelphia Quartz Company. A num- 
ber of grades were tested but since the first preliminary trials indicated 
that the “BW” brand was most efficient, it is the only one reported upon 
in this paper. It has a density of 58.8 degrees Baumé and contains 19.4% 
of Na2O and 30.6% of SiOz. 

High concentrations of the silicate (90-100), when applied to the 
trees, resulted in certain injuries to the foliage and fruit. For this reason 
most of the tests were confined to using the material at the rate of one 
pound to forty gallons of water or spray. Later tests showed that the 
higher concentrations (50-100, 75-100, and 80-100) removed very little 
more of the residues than did the unusually low concentration of one 
pound to forty gallons of spray. 

The majority of the sprays were applied with a compressed air hand 
sprayer; a few with an overhead pipe line power sprayer. In all of the 
silicate washing sprays at picking time, the hand sprayer was used. All 
of the residue results reported in the tables are averages of two to four 
determinations. 

The results on lead and arsenic as given in the tables are the grains 
per pound of fruit. The lead determinations were made by the Govern- 
ment methods for electrolytic separation and determination and the 
arsenic by the Gutzeit method. 

It should be noted that the data presented in this paper are the re- 
sults of only one season’s experiments. 

‘This project was financed in part by an industrial fellowship grant to the Univer- 
sity of Wisconsin by the Philadelphia Quartz Company. 

Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. 
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Tue Use oF SILICATE OF SODA AS A SPRAY ON THE TREES.—Silicate 
of soda added to the last regular spray influenced the natural weather- 
ing of the lead arsenate residues. This weathering appeared to be greater 
in the case of lead than with the arsenic. The natural removal also ap- 
peared to speed up after the first ten days or so. Nearly full protection 
from insects is thus given for a number of days after the spray although 
this protection is considerably lowered as the picking time approaches. 
A few of the results of this method are given in Table 1. It should also 
be noted that sodium silicate gave a more even coating of the spray 
than where lead arsenate was used alone. 


TaBLe 1. Errect or “BW” Sopium SILICATE ON AMOUNTS OF RESIDUES ON AppLes.* Gays MILLS, 
Wis., 1934 
Last spray treatment (July 19) 
Lead arsenate 1-50 Lead arsenate 1-5, Dried 
Dried milk 16-50 milk 4-50, “BW” 1-40 
Rain Arsenic Arsenic 
Weathered in inches Variety Lead trioxide Lead trioxide 
5 days Wealthy .018 O11 013 .009 
15 days Wealthy .016 01 oll .007 
5 days Dudley 019 013 .0187 010 
15 days Dudley 017 010 014 .009 
5 days McIntosh 019 013 .019 O11 
15 days McIntosh 017 010 011 008 
*The fruit had previously received three cover sprays of lead arsenate (1—50) plus lime sulfur in the 
“10 day” spray (1-60). Dried milk added to the last two cover sprays. All sprays applied with a power 
sprayer. 


toe toe toe 
NoNmonNwow 
ho Gr ho Gr to 


THE REMOVAL OF RESIDUES BY INCORPORATING SILICATE OF SODA IN 
THE Last Spray FOLLOWED BY A SILICATE SPRAY ON THE TREES JUST 
BeroreE Pickinc.—This experiment was started late in August and the 
spraying confined to the Snow variety. All of the spraying was done 
by a small compressed air hand sprayer. The removai spray of silicate 
of soda was more efficient when silicate of soda was previously incor- 
porated with the lead arsenate and lime sulfur. These data are given 
in Table 2. Another series on Snow apples where lime sulfur was omitted 
gave practically the same results. 


TABLE 2. RESULTS OF REMOVAL OF SpRAY ResipuES From SNow AppLes WHICH HAD RECEIVED 
ALL Previous RECOMMENDED COVER SPRAYS.* CovER SprRAY AppLiep AuGusT 20, REMOVAL 
Spray SEPTEMBER 4, PickED SEPTEMBER 4. RAINFALL BETWEEN AUGUST 20 AND 
SEPTEMBER 4, 3.12 tncHES. Gays MILLS, Wis., 1934 


Spray treatment Removal Rin Lead Arsenic trioxide 
Block One 
None Jone 021 014 
Lead arsenate 1:50 Water one 019 O12 
Lime sulfur 1:60 “BW” 1:40 fate 016 .008 
Dried milk 54:50 “BW” 1:40 plus castile soap 44:50 ater 014 .006 
“BW” 50:100 ‘ater 015 .008 
Block Tw 
None yne 019 O15 
Lead arsenate 1:50 Water ne O19 015 
Lime sulfur 1:60 “BW” 1:40 ’ .007 .006 
Dried milk 44:50 “BW” 1:40 plus castile soap 4:50 Water 006 .004 
“BW" 1:40 “BW” 50:100 Water 009 006 
*In addition to two pre-blossom sprays the following were applied: Calyx, May 12; ‘10-day’, May 
24; “30-day”, June 7; and maggot spray, July 20. Lead arsenate 1—50 plus lime sulfur 1—60 in first two 
ut only dried milk 44-50 with the lead arsenate in the last tw 


Tue Dippinc Metuop oF REMOvAL.—For this experiment a ten acre 
block of Ben Davis apples was chosen which had received three cover 
sprays in addition to the calyx application. Lead arsenate was used in 
all of these at the rate of 1-50. Lime sulfur was added to the first two 
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and dried milk to the last two. On August 2 a heavy application of 
lead arsenate (3-50) was applied with a power pipe line sprayer. August 
31 tests were made of the amounts of residue. September 27 and Oc- 
tober 10 samples were picked and treated with a bath of “BW” silicate 
of soda at a strength of 1-40 and in another test with castile soap added 
to the silicate bath. The temperatures of the silicate baths and rinsing 
baths were the same in each test respectively. In each bath the fruit 
was dipped with an up and down motion for 35-40 seconds. The results 
are given in Table 3. 
TaBLe 3. Errect oF WEATHERING AND DippiInG METHODS ON THE REMOVAL OF SPRAY RESIDUE 
From Ben Davis Appces Arter A Heavy AuGust Spray. Leap Arsenate 3:50 AppLiep 


AvuGust 2. TEMPERATURE OF DippiInG Batu 68-71°F. AVERAGE TIME IN Batu 35-40 
Seconps. AVERAGE TIME IN RINSING Batu 35-40 SECONDS 
Rainfall 
Aug. 2 until 

Removal method Date picked until picking Lead Arseni 
None . Aug. 3l 2.43 inches 073 
None Sept. 27 5.35 inches 035 
Dipped in “BW” 1:40 (71°F.) then in clear water Sept. 27 5.35 inches 012 

Dipped in “BW” plus castile soap ‘4:50 (71°F.) 

then in clear water Sept. 27 5.35 inches O15 
None . Oct. 10 7.58 inches .026 
Dipped in “BW” 1:40 (69°F.) then in clear water Oct. 10 7.58 inches 008 


CONSIDERATIONS OF THE VALUE OF FIELD PLOT 
TECHNIQUE STUDIES FOR ENTOMOLOGISTS 


By G. F. MacLeop, Ithaca, N. Y. 


Field experiments to determine control measures for insects attack- 
ing important agriculture crops are recognized as the fundamental prov- 
ing grounds of economic entomology. The value of attempts to deter- 
mine some of the factors affecting results of entomological field experi- 
ments should be apparent. Progress in machinery and materials for 
field work has far outstripped our knowledge of field plot technique 
and it is only occasionally that we find records of attempts to clarify 
procedures. In fact reports of entomological field work seldom include 
sufficient information as to the experimental plan to permit evaluation 
of the results. Frequently when worthwhile modifications have been 
pointed out they have not been sufficiently tested by other workers in 
fields where the methods would be applicable. Contradictory results so 
often obtained with major problems covering large geographical areas 
may very possibly be due to faulty experimental technique as well as 
variable environmental conditions. 

While it is obviously impossible to standardize many field procedures, 
it seems equally apparent that certain important fundamental methods 
should be recognized as common to many field experiments. The argu- 
ment that each planting presents different problems in the matter of 
plot technique while true to some extent does not preclude the possi- 
bility of compensating in the experimental plan for known character- 
istics of the problem under investigation. There are sources of basic 
material already available in allied fields of scientific agricultural in- 
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vestigation but there is a real need for modifications to meet the needs 
of entomologists. The agronomists, dealing primarily with soil hetero- 
geneity and crop yields, offer many valuable suggestions as to plot 
technique where the effects of insect injuries are to be measured in terms 
of comparative yields. The quantitive relationships of insect injuries 
to yield variations in plots treated with dusts and sprays introduces 
additional problems peculiar to entomological investigations. 

A series of potato spraying and dusting experiments conducted over 
a period of five years in various sections of New York State illustrate 
some of the plot problems which arise in field experiments. These experi- 
ments were designed to measure, in terms of yield differences the value 
of modifications in the commonly accepted potato spraying schedule. 
An attempt was made to evolve a basically uniform plan so that results 
from the different regions might be comparable. While the work is still 
far from complete, some interesting results have been obtained. The 
general experimental plan followed (Figure 163) has been to use four or 
six row plots the entire length of the rows. At least four replications 
have been set up across a field with yield and count areas, five or more 
in number, in parallel strips across all plots. The arrangement of plots 
has been modified in some cases depending v»on the numbers of treat- 
ments, size of the field, etc. 

Some of the questions which arise concerning the interpretation of 
yield data are well illustrated by results from a dusting experiment con- 
ducted during the past season by H. Menusan, Jr., at Albion, N. Y. 
Large differences in yields occurred between the various rows of both 
check and treated plots. The effects of drifting dust materials was indi- 
cated by an increase of thirty bushels of potatoes per acre from the out- 
side rows of the check plots as compared to the average for all rows in 
the plot. Considering the treated rows the same trend occurred but 
from an entirely different cause. Injury to vines from dusting and spray- 
ing Operations amounted to thirty bushels per acre. This abnormally 
high loss, largely due to crooked rows and luxuriant top growth blown 
across the spaces between rows, is a material factor in calculating the 
results obtained. The need for reasonably wide plots and for comparing 
data from potato spraying and dusting experiments on a row by row 
basis is evident. 

One value of replicated plots peculiar to entomological experiments 
is illustrated by some results of field tests with potato aphids. The 
treated plots in these tests received among other things an application 
of two and three per cent nicotine dusts. While the applications were 
being made a wind, of less than twenty miles per hour velocity, arose 
which carried the materials directly across all the plots. Altho the check 
rows were over 300 feet apart the lethal effects of drifting nicotine dust 
were apparent. Those plots on the windward side of the treatments 
away from the drift changed but very slightly in populations while the 
number of aphids in the leeward plots thru which the dust drifted were 
reduced from 40 to 70 per cent. Possible effects of dust drift in field ex- 
periments is universally recognized by workers but they seldom make 
any provision for determining the relative weight of this factor. 
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Several additional sources of errors in potato spraying experiments 
have been studied. The mechanical effects of spraying operations sug- 
gested the use of water checks or plots sprayed with water only. In all 
of the tests so far no differences have been obtained between water 
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Fic. 163.—Plan of a typical spraying and dusting experiment. C check, 
D 80-20 copper-lime dust, SI 44-50 bordeaux and lead arsenate, 
S2 4-4-50 bordeaux and calcium arsenate. Each vertical line represents 
one six row plot. 


sprayed and untreated plants except the usual wheel injury which causes 
a reduction in yield of from 10 to 30 bushels of potatoes per acre de- 
pending on several factors, some of which have already been mentioned. 
It was supposed that the repellent action of bordeaux mixture might 
tend to concentrate flea beetles and other insects attacking potato foli- 
age in experiments on relatively small plots, thereby unduly enlarging 
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differences between treated and untreated plants. This theory was tested 
by Mr. O. D. Burke at Riverhead, L. I. who sprayed 12 row plots be- 
tween 24 row check plots and compared the results with those obtained 
in the usual six row test strips. There were no significant differences in 
either the yields or the numbers of holes eaten by the adult flea beetles 
in the foliage. Further tests of this nature have been planned since it 
seems advisable to study the results under a wider variety of conditions. 

For practical purposes it is usually true that unless differences due to 
treatments are plainly visible in field experiments the results are not 
of great importance to growers. It is possible however, for a field ex- 
periment to show, due to faulty planning, visible differences, the inter- 
pretation of which is extremely hazardous if not impossible. It is gen- 
erally true that the method of conducting entomological field experi- 
ments is of sufficient importance to warrant a closer study of field plot 
technique than has been given this subject in the past. 


SOME OBSERVATIONS ON THE OVERWINTERING HABITS 
OF THE AMERICAN ELM BARK BEETLE, 
HYLURGOPINUS RUFIPES EICHH. 


By W. B. Becker, Dutch Elm Disease Laboratory, Department of Entomology, 
Mass. Experiment Station, Amherst, Mass. 


During the past year studies made on the life history of the American 
elm bark-beetle, Hylurgopinus rufipes Eichh., at Massachusetts State 
College, showed that adults of this beetle spend the winter in short ‘‘hi- 
bernating”’ tunnels which they dig into the bark of apparently healthy 
elm trees.' 

These winter tunnels are about 1.5 mm. wide and seldom more than 
2 cm. long. Some are straight and others curved, and they may extend 
in any direction with relation to the grain of the bark. The entrance 
holes are in the crevices and the tunnels generally are dug in the outer 
layers of the bark, but quite often they go directly in toward the sap- 
wood, scoring it sightly. Wherever a tunnel penetrated through the bark 
to the cambial region of the tree, the sap which flowed from the wound 
drowned out the beetle, causing the beetle to start another tunnel else- 
where. In the spring of 1935 when this latter type of gallery was ex- 
amined more closely it was found that a brown spot about one fourth 
of an inch in diameter had formed around each one of these punctures 
in the sapwood. 

From the above description it can be readily seen that these winter 
tunnels differ from the characteristic egg galleries of this same insect 
which are in the inner bark and are of the forked transverse type, hav- 

‘Increment borings made in 13 of the infested trees in November, 1934 showed a 
slightly smaller rate of growth for 10 of the trees for that season than for the season 
before. Two trees showed no difference at all, while one tree showed an increased 
rate of growth over the 1933 season. During the summers of 1934 and 1935 all trees 
observed which had been infested showed full foliage and in no way gave the appear- 
ance of unthrifty trees. 
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ing the entrance hole near the center of the completed gallery and usu- 
ally extending more or less across the grain of the bark, with egg niches 
along both sides from which the larval galleries later extend. 

The first “‘winter galleries’’ were found September 29, 1934, when bor 
ing dust similar to fine mixed brown and white sawdust was noticed in 
abundance in crevices of the bark of American elms on the Massa- 


Fic 164.—Characteristic egg galleries of Hylurgopinus rufipes 
Eichh. beneath the bark of American elm, Ulmus ameri 
cana. Natural size. 


chusetts State College Campus. In 1935 the first signs of the beetles 
attacking the living trees to make over-wintering tunnels was on Sep- 
tember 23. 

Probing with a pen-knife brought forth many specimens of young 
adults of Hylurgopinus rufipes. | use the term “‘young adults”’ in con- 
trast to the old ones which have completed their egg laying activities 
The former are usually of a lighter brown color than the latter which 
are almost black. Specimens of these same young adults which were 
probed from their winter tunnels later constructed egg galleries in logs 
in the laboratory and gave rise to another generation of beetles 
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Fic. 165.—Some of the outer layers of bark have been stripped away from the 
trunk of this American elm tree to show the tunnels in which Hylurgopinus 
rufipes Eichh. adults were found to spend the winter. One half natural size. 
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The greatest number of winter tunnels were found on the trunks of 
elm trees near the ground level, many often being found in the bark 
on exposed roots. In several instances where a tree forked near the 
ground, the thicker bark in the crotchs howed greater attack than the reg- 
ular bark surface of the trunk. Very few winter galleries were found in 
the upper parts of the trunk of the tree. 

By November 5, 1934, most of the beetles had stopped digging for 
the season. However, a few showed signs of life when they were dis- 
turbed. From time to time during the winter the infested trees were 
examined and live beetles were found present, although during mid- 
winter they had to be subjected to room temperatures for about an 
hour before they revived. During the latter part of the winter many 
dead beetles were found in their tunnels, quite a few of which were en- 
veloped in a white fungous growth which is so often found on dead bark- 
beetles beneath the bark. 

On March 16, 1935, when the temperature reached a maximum of 68 
degrees F., a few beetles again began to show signs of life when they were 
disturbed in their tunnels. 

On April 19, 1935, when the temperature reached a maximum of 64 
degrees F., the first sign of further digging was evidenced by new boring 
dust again being found in the crevices of the bark. By April 27, when 
a maximum temperature of 86 degrees was reached for a short time in 
the afternoon the beetles were actively digging in their winter tunnels. 
Up until that time no beetles were observed crawling on the bark or 
flying, but on May 11, when the temperature reached a maximum of 
65 degrees F., several beetles were seen crawling about on the bark, 
and on May 13, when the temperature reached a maximum of 73 de- 
grees F., the first beetles were noticed taking wing. A few days later 
on May 20 when the temperature reached a maximum of 68 degrees 
F., the beetles attacked some trap logs which had been put out for that 
purpose, and they began their characteristic egg galleries. At no time 
were any borings which resembled egg galleries observed in the bark 
on the trunks of living healthy trees. Only the winter tunnels were found 
present there. As the trap logs became more heavily infested fewer 
beetles were found in the living trees until finally, when the egg galleries 
in the logs were well started, no more Hylurgopinus rufipes beetles could 
be found digging in the bark of the living trees. 

It was interesting to note that the trees which were the most heavily 
infested were near a log pile that contained many elm logs which showed 
old egg galleries of Hylurgopinus rufipes, from which all the beetles 
had already emerged. No live eggs, larvae, pupae, or adults were found 
in them during the winter season of 1934-1935. Only old dead adults 
which had died in the egg galleries made during the previous summer 
were found. 

During the past summer only one generation of beetles was reared. 
The eggs were laid from the latter part of May through June. Adults 
reared from these eggs began emerging about August 1; reached the 
peak of emergence about August 20, and tapered off gradually. Be- 
tween the dates when the egg galleries were well started and the first 
adults emerged, no adults were seen in the open. 
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No larvae have been found overwintering in Amherst, but it is possible 
that the early emerging adults may start a second generation which 
might pass the winter in the larval stage. 


FACTORS STIMULATING HATCHING OF EGGS OF GASTERO- 
PHILUS INTESTINALIS DE GEER AND THE APPLICATION 
OF WARM WATER AS A PRACTICAL METHOD OF 
DESTROYING THESE EGGS ON THE HOST 


By E. F. KnipLinG and R. W. WELLs, Division of Insects Affecting Man and 
Animals, Bureau of Entomology and Plant Quarantine, United States Depart- 
ment of Agriculture 


In the fall of the year and after oviposition of Gasterophilus intestinalis 
has ceased, the eggs which remain attached to the hairs of the host 
retain their viability for a considerable period, and are thus an impor- 
tant source of reinfestation of the animal. To control more effectively 
this species of horse botfly, a method is needed to eliminate the source of 
reinfestation and to supplement the usual carbon disulphide treatment 
used to kill the bots in the stomach. 

The results of the studies herein reported show that the eggs of G. 
intestinalis can be destroyed indirectly by the application of warm water, 
at suitable temperatures, to the infested portion of the host. Such a 
treatment provides the factors which stimulate the larva to leave the 
eggshell at once, after which it dies from exposure. 

The feasibility of using warm-water treatment as a means of destroy- 
ing the latent unhatched larvae of G. intestinalis was manifested during 
studies under laboratory conditions to determine the major factors 
which prompt the larvae to hatch. 

Since the results of the studies under laboratory conditions have a 
direct bearing on a full understanding of the principles involved in the 
destruction of the larvae, and because the results are of considerable 
physiological interest, they will be treated rather fully before we discuss 
results obtained on the host. 

The eggs of G. intestinalis are deposited on the hair of the host. The 
region preferred is on the inside of the forelegs from the knee to the 
hoofs, but many eggs may be found on the forearms and around the 
flanks. A few scattered eggs may also be found on the mane and other 
regions of the body. We have found larvae ready to hatch as soon as 5 
days after oviposition, though the period is longer in the cooler part of 
the season. After the larva is fully developed inside the egg, it awaits the 
necessary stimulus to hatch and to gain entrance to the mouth of the 
host. The larva issues through the operculum when the horse rubs the 
hair with the lips. 

The method to be discussed here is not applicable to the eggs of G. 
nasalis, which are laid under the jaw and hatch promptly, when fully 
incubated, without any apparent external stimulus, nor is it applicable 
to G. haemorrhoidalis, which lays its eggs on the lips of the host. The eggs 








‘ 
4 
‘i 
‘] 





1066 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


of the latter species, after incubation, which requires 2 to 4 days, hatch 
promptly, depending only on the presence of free moisture, which is sup- 
plied almost continuously either as saliva from the mouth, or as water 
when the horse drinks. 

In various studies on the biology and life history of this species, 
many newly emerged larvae were needed. These were obtained by plac- 
ing the eggs in water at favorable hatching temperatures, a procedure 
first suggested by Dinulescu (2). In general the response was high, but 
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Fic. 166.—Percentage of hatch of eggs of Gasterophilus intestinalis at 
various temperatures and under different conditions. 


very erratic; and we noted, for example, that the response was higher in 
the early forenoon than late in the day, even though the same tempera- 
ture of water was maintained. Therefore studies were undertaken to 
determine the optimum conditions for hatching of the larvae, and to 
gain more information on the factors stimulating the process. 

It was found that a sudden rise in favorable temperature is the princi- 
pal stimulus, that for maximum response the rise must be rapid, and that 
the response is in proportion to the amount and speed of the rise in 
temperature. The larvae do not respond to a gradual rise in tempera- 
ture. Moisture and friction may facilitate conduction of the heat, 
thereby creating more marked stimulus, but the response to a sudden 
rise in favorable temperature occurs in the absence of these two factors. 

Most of these studies were made with eggs of different ages collected 
at random from horses in the field, although some were made in which 
fresh eggs of known age were used. The eggs were counted out in lots of 
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approximately 60 each. The degree of response was based on the hatched 
and unhatched eggs among the first 50 viable eggs examined after treat- 
ment. 

All eggs, after collection, were kept at room temperatures for at least 
7 days to insure their complete development. Response was tested by 
submerging the eggs in water at controlled temperatures. No attempt 
was made to stir them or apply friction. Response occurs within a few 
seconds, or not at all. Consequently it was our practice to make counts 
of the hatched and unhatched eggs after 1 minute. 

Three series of tests were made. For each series the eggs were held at a 
preliminary temperature at which hatching did not occur. In the first 
series the eggs were kept in a refrigerator at 4.5° to 7° C. from 4 to 16 
hours. (Preliminary tests had already proved that the response after 4 
hours’ exposure was as great as after over-night exposures of 16 hours.) 
In the second series the eggs were continued at room temperature, which, 
at the hours of the tests, ranged from 21° to 24°C. For the third series 
eggs were kept in an incubator at 33° to 34.5° C. for from 4 to 6 hours. 
These preliminary temperatures are those from which the eggs were 
suddenly submerged in water, and will hereafter be referred to as 
‘initial’ temperatures. 

For all three series, data are presented in Table 1, and shown graph- 
ically in F gure 166. 


TABLe 1. PerceNTAGE OF Hatcn or EGoGs or Gasterophilus intestinalis aT Various 
TEMPERATURES AND UNDER DIFFERENT CONDITIONS 
Series I (a 
Eggs kept at temperatures of 4.5° to 7° C. before being tested at the various water temperatures) 
Temperature of water Number Number of eggs Range in per cent Average 
ot of tests in each test hatched per cent hatched 
25 1 150 3 2.0 
30 6 50 0-16 5.66 
32.5 9 50 16-40 24.44 
35 7 50 44-60 50.29 
37.5 7 50 56-76 66.57 
40 8 5O 90-98 95.25 
2.5 8 50 90-100 95.50 
45 8 50 78-96 91.25 
47.5 6 50 48-80 61.67 
MO 6 5O 12-18 14.33 
Series I (b) 
(Duplicate test—eggs used from 14 to 18 da fter ovipositi 
25 6 50 2-6 2.0 
30 7 50 6-26 15.7 
5 7 50 48 68 57.4 
37.5 i) 50 80-100 89.1 
40 6 50 94-100 97.33 
$2.5 10 50 94-100 97.8 
Series II 
Eggs kept at temperatures of 21.0° to 24.0° C. (approximate) before being tested at the various 
water temperatures 
0 4 50 0-2 0.4 
5 6 50 O-8 3.67 
37.5 5 50 22-42 28.8 
10 7 50 50-72 61.71 
45 7 5O 44 78 56.29 
47.5 4 50 8-14 11.5 
Ww) 5 SO O88 ., 3.6 
Series III 
(Eggs kept at temperatures of 33° to 34.5° C. before testing at the various temperatures) 
35. 4 50 0-2 0.5 
40 S 50 2-12 7.75 
45 7 SO 16-28 22.86 
4 50 
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Series I (a) From refrigerator; initial temperature 4.5° to 7° C. From 
this temperature eggs were suddenly submerged in water at 25°, 30°, and 
up, at 2.5° intervals, to 50° C. The hatching response shows a marked 
increase at each of the steps from 30° to 40°. At 42.5° the response is 
about the same as at 40°; slightly less at 45°; and at 47.5°, and again at 
50°, much less, undoubtedly owing to excessive heat, apparently above 
the optimum. 

(b) In a duplicate of this series, shown in the same table, the eggs used 
were of more uniform age (deposited during a period of 4 days) and were 
tested 14 to 18 days after collection. In this duplicate of Series I the 
response is greater at corresponding thermal points, but the curve has 
the same trend, and is about parallel to the former. The slightly lower 
gradient in the original is probably due to the great variation in age of 
the eggs. 

Series II. Eggs were from the same lot as those in Series I (a). The 
initial temperature was that of the room, 21° to 24° C. From the room 
temperature the eggs were submerged in water at 30°, 35°, 37.5°, 40°, 45°, 
47.5°, and 50° C. Here the response at each corresponding temperature is 
much lower and, at the optimum of 40°, was only 61.71 per cent as com- 
pared with 92.25 per cent in Series I (a) at 40°. 

Series III. In this series, when eggs were removed from the incubator 
after exposure to a temperature of 33° to 44.5° C. (initial temperature) 
for 4 to 6 hours, and suddenly submerged in water at 35°, 0.5 per cent 
hatched; at 40°, 7.5 per cent; at 45°, 22.86 per cent; and at 47.5°, 2.5 
per cent. In this series the range of temperature at which the larvae 
hatched is greatly reduced and the response at each corresponding 
temperature is much less. At 45° the response is markedly greater than 
at 40°, whereas in Series I and II the response was greater at 40° than at 
45°. The writers offer the following explanation for this: It is apparent 
that the degree of response of the larvae is in proportion to the number 
of degrees rise in temperature (within certain limits). In this case the 
rise from the initial temperature of 33° to 34.5° to a temperature of 40° 
is not great enough to create such an intense stimulus as the rise from 33° 
to 34.5° to a temperature of 45°, the latter giving a greater change in 
temperature, a more intense stimulus, and hence a greater response, 
even though 45° is above optimum of Series I and II. 

In the experiments cited above the eggs were gently submerged in the 
water with no attempt to create friction. Since under optimum condi- 
tions a hatch as high as 97.8 per cent was obtained, it is apparent that 
friction is not a necessary stimulus in the hatching process of these 
larvae, although it may be an aid under certain conditions. 

To determine the effect of a gradual rise in temperature, 5 lots of 50 
eggs each were taken from room temperature of 25° C., submerged in 
water at the same temperature, and gradually warmed to 46° C. during a 
period of 30 to 40 minutes; also dry eggs from the room were placed in 
an incubator and slowly heated to 50° C. in a period of 30 minutes. Of 
the eggs placed in water and gradually heated 0.8 per cent hatched. Of 
those subjected to a gradual rise in temperature in the absence of free 
water, none hatched. It is therefore apparent that the larvae do not 
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respond readily to a gradual rise in temperature, even in the presence of 
water. 

Dry eggs in lots of 50 each were removed from a cool environment and 
quickly dropped into dishes within an oven at temperatures ranging 
from 40° to 50° C. Under such treatment the response ranged from 44 to 
100 per cent. Larvae hatching in the absence of free moisture under 
such conditions generally are not able to emerge completely from the 
shell, but soon die, owing to desiccation. 

From the data presented we draw the following conclusions: (1) The 
larvae of G. intestinalis hatch principally in response to the stimulus 
produced by a sudden rise in temperature (within the effective range). 
There is very little response when eggs are subjected to a gradual rise 
in temperature, either in water or while dry. (2) The degree of hatching 
response in water is in proportion to the number of degrees of sudden 
rise in temperature, up to the optimum. Eggs from an initial tempera- 
ture of 4.5° to 7° C. hatched more readily at a given temperature than 
did eggs from an initial temperature of 21° to 24° C. A greater percent- 
age of hatch was obtained under both these conditions than when eggs 
were kept at an initial temperature of 33° to 34.5° C. (3) Moisture and 
friction are not essential stimuli, for the larvae respond readily when 
these two factors are eliminated. (4) Under optimum conditions over 95 
per cent of the eggs may be made to hatch by submerging them in warm 
water. 

Finding that unhatched larvae, under laboratory conditions, could be 
so easily decoyed from the eggshell by the sudden application of warmth, 
we undertook to determine experimentally their response to warm water 
suddenly applied to the infested coat of the horse. We found the method 
a very efficient and simple way to disinfest the horse, particularly in the 
fall of the year, of the many larvae waiting merely for the contact of the 
horse’s lips. 

Elimination of such larvae is an important phase in control of the 
pest, as Dove (4) has indicated. Bishopp and Dove (7) emphasized it as a 
“point of decided importance” in 1926, for, as they explained, horses 
given stomach treatment in the fall of the year are subject to this addi- 
tional invasion from unhatched eggs. After the work of Dinulescu (2), 
Wehr (5), and Knipling (4) it is clear that destruction of all infective eggs 
should be undertaken several weeks before the usual treatment for bots in 
the stomach in the fall of the year. For Dinulescu has shown that the 
larvae spend a part of their developmental period in the tongue before 
passing on to the stomach. Wehr has found that the larvae spend 3 to 4 
weeks in the tongue before passing on to the stomach. Knipling has 
shown that, at Ames, Iowa, the larvae are present in the tongue in 
comparatively large numbers until the middle of December and that by 
January 15 the invasion of the tongue is practically ended. We have 
found that at Ames, Iowa, oviposition is on the decline during October 
and practically ended by November 1. Hence, for latitudes with climates 
similar to, or colder than, the central part of lowa, we consider Novem- 
ber 1 to December 15 the period during which application of ovicides is 
of most value, and when it is especially indicated as a prelude to treat- 
ment for bots in the stomach. 
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The warm-water method appears to be the most effective one for 
destroying these unhatched larvae. Within the eggshell they seem re- 
markably invulnerable to chemicals, in such concentrations as are 
tolerable to the skin of the horse. Phenols and cresols, heretofore re- 
garded as effective, were found not to be highly efficient, as will be 
reported in a later paper. 

Our experiments to determine the hatching response to warm water 
applied to the coat of the horse were conducted in October and Novem- 
ber, 1933 and 1934. Before treatment a random sample of eggs for checks 
was clipped from various regions of each horse. Immediately after treat- 
ment, in most tests, and within 24 hours in others, another sample was 
clipped from each host. The eggs were taken to the laboratory and 
examined microscopically to determine in each case the percentage of 
eggs hatched. The operculum was lifted from each unhatched egg, and 
the condition of the larva was noted. 

In the preliminary tests the temperature of the water at the start of 
the experiment ranged from 52° to 53° C., and was generally about 52° C. 
Such a temperature was found, in laboratory tests, to be above the opti- 
mum, but it was chosen to compensate for the cooling which occurred 
during the operation on each horse. From this operating range the 
response was fair but somewhat erratic on several horses, the average on 
14 horses being considerably below the response in a later test in which a 
lower water temperature was used. On individual horses the hatching 
response ranged from 44.19 to 100 per cent. Of the 4,246 check eggs, 
2,036, or 47.95 per cent, were unhatched and alive; of the 4,390 treated 
eggs examined, only 414, or 9.43 per cent, were unhatched and alive. 
Thus 80.34 per cent control was obtained by artificial hatching. 

In the later tests, 23 individual horses and one group of 14 horses were 
used. Before treating each horse the water was heated to a temperature 
ranging between 45° and 48° C. and in no test did the minimum drop 
below 40° C. On only one of the 23 horses did the hatching fall below 90 
per cent. On that individual it dropped to 69.54 per cent. On the group of 
14 horses no individual records were made. Samples of eggs for checks 
were clipped from each animal and placed all together in a container. 
On the following day, treated eggs were clipped from each horse and 
placed in another container. The two composite lots were compared for 
results. The average percentage of control was 96.58. Combining the 
results of the 23 and 14 horses we obtained the following results (Table 
2): 37 horses treated; before treatment, 5,870 eggs yielded 2,027, or 
34.53 per cent, unhatched and alive; after treatment 6,706 yielded 117, or 
1.74 per cent, unhatched and alive; the average percentage of control 
was 94.96. The eggs not fully developed and those containing dead larvae 
were disregarded. The determinations of the effects were based entirely 
upon the ratio of eggs hatched to those containing infective larvae before 
and after treatment. 

The procedure of treatment was as follows: Ordinary tap water was 
heated to the desired degree. Then with a sponge or piece of cloth, the 
warm water was used to bathe the infested portions of the coat, with 
slow but firm movements back and forth. The sponge was frequently 
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dipped into the water to keep within the range of temperature required. 
Ordinarily about 2 gallons of water was required to treat one horse. We 
found it helpful to use a large pail containing more than 2 gallons of 
water, in order to maintain the heat within the range desired. 


TABLE 2. ResuLts OF WASHING EGGs oF Gasterophilus intestinalis on Host With Warm WATER 
(48° ro 40° C.) 


Number Number Per cent 
of eggs examined of eggs unhatched alive of eggs unhatched alive Per cent 
Before After Before After Before After of 
treatment treatment treatment treatment treatment treatment control 
200 200 4 27.00 1.00 96.30 
200 200 4 27.00 0.50 98.15 
200 200 81 3 40.50 1.50 96.30 
200 200 Sl 3 40.50 1.50 96.30 
100 119 56 56.00 0.83 98.52 
200 200 134 67.00 5.00 92.54 
145 134 82 56.55 4.47 92.10 
50 50 30 60.00 2.00 96.67 
200 200 151 3 75.50 6.50 91.39 
200 200 151 j 75.50 23.00 69.54 
200 200 Rt 44.50 0.50 98.88 
200 200 < 15.00 1.00 93.34 
200 200 5 29.00 2.50 91.38 
200 200 3 15.00 00 100.00 
200 200 d 15.00 0.50 96.66 
200 200 52 81.00 2.00 97.53 
200 200 33 16.5 0.50 96.97 
366 395 2 27.87 0.51 98.18 
207 293 48.79 0.68 98.61 
111 5 43.24 0.00 100.00 
168 26: f 32.14 0.00 100.00 
258 76 29.46 0.00 100.00 
308 52: { 17.53 0.00 100.00 
1,357 80! 86 13 21.07 0.72 96.58 
‘otalandaverage 5,870 34.53 1.74 94.96 
Nos. 1-12 treated Nov. 1, 1933 
Nos. 13-17 treated Nov. 6, 1933 
Nos. 18-23 treated Nov. 21, 1934 
‘Nos. 24-37 treated Nov. 26, 1934. 


In view of these results we consider the use of warm water an efficient 
method of eliminating the unhatched infective larvae. It is effective on 
such larvae whenever the air temperature is as low as 60° F. Whether it 
is effective during the higher summer temperatures remains to be 
determined. 

The cost, except for that of labor, is practically negligible. Aside from 
the time required for heating the water to the desired temperature, one 
operator can treat one animal in five minutes. Equipment and materials 
are universally available. The use of a thermometer is advisable. An 
ordinary weather thermometer is satisfactory. 

One should govern the treatment by the following principles: (1) 
Treat, preferably, on a day when the air temperature is below 60° F. 
Such days are common after November 1, when, usually, oviposition 
has ceased in climates similar to that of Iowa. (2) Before treating each 
horse, prepare a large pail of water, heated to approximately 118° F. 
(48° C.). The temperature should be kept above 104° F. (40° C.). It is 
not likely to cool below this while one horse is being treated. We have 
found this temperature to be about the highest tolerable to the pro- 
longed immersion of the hand, but since tolerance varies we advise the 
use of the thermometer. (3) The rag or sponge should be kept saturated 
during the process. The infested areas should be bathed thoroughly, 
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the sponge being moved back and forth slowly, but firmly, and dipped 
into the pail frequently. The pressure and friction aid penetration of the 


heat. 
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Scientific Notes 


Attraction of Bait Used in Japanese Beetle Traps Increased by the Addition of 
Phenyl Ethyl! Aicohol. Pheny! ethy! alcohol, after extensive tests, has been found to 
increase appreciably the attraction of the geraniol-eugenol bait used in traps designed 
to capture the Japanese beetle. This alcohol is an important constituent of otto of 
rose and of geranium and several other essential oils. It possesses a strong rose-like 
odor. It is recommended that phenyl ethyl alcohol be used at the rate of one-half part 
by weight to 10 parts of geraniol and 1 part of eugenol. Traps baited with this com- 
bination captured an average of 32.19+4.85 per cent more beetles than did traps 
baited with 10 parts of geraniol and 1 part of eugenol. The addition of the phenyl 
ethyl alcohol to the bait increased the cost only 11.3 per cent on the basis of prices 
prevailing during May 1935. 

The pheny] ethyl alcohol available commercially varies widely in composition and 
a grade having the following specifications should be employed: 

Specific gravity at 25° C 1.018 
Refractive index. ... ae eo 31-20° C. 
Boiling point, 760mm... .. : mee eed 218.5° C. 
Solubility in 50 per cent ethyl alcohol . 1 in 2 parts 

F. W. MetzGer, Associate Entomologist, Bureau of Entomology and Plant 

Quarantine, U. S. Department of Agriculture 


New Host Plants of the Potato Leafhopper, Emporisca fabae (Harris), and Their 
Probable Significance. The potato leafhopper, /» poasca fabae (Harris) has been 
reared and specifically identified from more than 50 host plants under field conditions 
at Arlington Experiment Farm (P. O., Rosslyn, Va.). During 1935 it was first ob- 
served breeding on the tender growth of oak and hickory, from Charleston, S. C., to 
Schenectady, N. Y. At Arlington Farm nymphs of E. fabae were collected on tender 
shoots of oak and hickory at intervals of two weeks during June to September and 
reared to the adult stage for specific identification. These observations indicate that 
these hosts are important in furnishing a constant supply of adults of E. fabae for the 
reinfestation of such crops as alfalfa, beans, potatoes, etc., which are harvested or 
mature at varying intervals during the growing season each year. 

The first occurrence of adults of Empoasca fabae at Arlington Farm during 1935 
was recorded from traplights May 7. The first record of nymphs of E. fabae occurring 
on oak and hickory at Arlington Farm was June 8. No nymphs of this species were 
found on May 31, although a more thorough search might have revealed them. A 
large brood of adults of E. fabae were observed maturing on oak and hickory in the 
vicinity of Arlington Farm on June 14, which is the approximate date each year, for 
the past four years, that large collections of this species have first been taken in trap- 
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lights. It is indicated that these plants are probably important in furnishing hosts for 
feeding and building up the populations of this insect during its northward migration 
each spring and previous to its appearance in destructive numbers on commercial 
crops. 

As previously reported in 1931 (Jour. Econ. Ent. 25: p 645), this species has not 
been found overwintering at Arlington Experiment Farm. It seems doubtful that 
Empoasca fabae overwinters in the egg stage on these hosts because its development 
on the older leaves and twigs has not been observed, and previous observations indi- 
cate that it does not overwinter on apple nursery stock and other preferred host 
plants. 

All identifications of Empoasca reared from oak and hickory were based on 
examinations of the internal male genitalia, and it seems additionally significant that 
E. fabae was the only species of this genus to be reared from these hosts. 

F. W. Poos, Division of Cereal and Forage Insect Investigations, Bureau of 
Entomology and Plant Quarantine, U. S. Department of Agriculture 


Simuliids Annoy Livestock. Two-winged flies of the family Simuliidae have been 
observed to cause considerable annoyance to horses, and at times to cows, in parts 
of southern Idaho. During August of 1934, Sitmulium bivittatum Malloch was found to 
be annoying horses at Riverdale, Glendale, Glenco, Mink Creek, Sharon, William’s 
Creek (C.C.C. Camp) and Strawberry Springs in Emigration Canyon of southern 
Idaho. These flies attacked the horses most seriously during the morning and evening 
and annoyed them to a lesser extent during the hot period of the day. Fed specimens 
taken at all hours of the night in light traps suggest that this species may also feed 
during warm nights. The tender, less densely haired, parts of the horse’s body were 
most seriously attacked, as under the brisket, on the belly, and under the jaw. When 
excessively abundant, the flies also attacked the horse upon the neck, face, nose, and 
around the eyes, small numbers even entering the ears. Horses standing in the shade 
were observed to be annoyed but little, even though nearby animals in direct sun- 
light were being heavily attacked. Seriously attacked skin areas were badly bitten, 
giving the surface a raw, roughened appearance. Simulium venator D. and S. was also 
taken in smaller numbers, in the same area; this fly was usually found attacking the 
skin around the horse’s nostrils and eyes or entering the ears. Simulium vittatum Zett. 
was often present in numbers equal to those of S. bivittatum, but it largely confined its 
attack to the horse’s ears. In a few instances S. vittatum was found attacking the skin 
at the base of the mane or on other long-haired areas. The combined attack of S. 
vittatum and S. bivittatum often made the handling of farm animals difficult. Near 
Newton (Utah), S. vittatum was observed to be attacking horses in tremendous 
numbers during October 1933. One work team had been unhitched and the animals 
were feeding at the haystack; these horses were heavily attacked by S. vittatum over 
the head and neck and less heavily over much of the body, as well as having the inside 
surface of the ears literally covered with the grayish bodies of these flies. This consti- 
tuted the heaviest attack upon many parts of the horse’s body so far observed. Upon 
another occasion, 2 miles south of Blue Creek (Utah) S. vittatum and S. bivittatum 
were exceedingly abundant, flying around the heads of cows and pigs. A few specimens 
were collected from the former. Simulium vittatum has frequently been observed to 
seriously annoy horses in many parts of Utah. 

GeorGE F. KNowLton, Utah Agricultural Experiment Station, Logan, Utah 


A Simplified Roach Trap. It has been part of entomological knowledge that 
a fairly efficient roach trap can be made as follows: by smearing a layer of vaseline 
or some similar viscous substance (oils of various kinds, glycerine, etc.) just below 
the rim on the inner surface of a smooth cylindrical container (a beaker, battery jar, 
tumbler, etc.); by baiting the container with some food material (ripe bananas, honey, 
etc.); and either by placing runways of various kinds (cardhoards, narrow boards, 
etc.) from the floor to the edge of the container, or by placing the container so that 
its sides touch the wall of the room. It occurred to me that a much more efficient 
roach trap than the one described can be made on the general principles outlined but 
by adding a feature which distinctly improves the practical value of the trap. This 
novel feature utilizes the principle of an inclined runway which is continuous and 
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which, at the same time, makes the sides of the trap. The trap in construction is 
nothing more than a hollow truncated cone which is closed at the base and open at 
the truncated plane. The exterior of the truncated cone serves as a continuous runway 
which gives the greatest possible runway surface. 

The insects being attracted by the odors from the bait—ripe bananas have been 
found particularly satisfactory—are induced to go up the runway. The roaches will 
enter the trap more readily if the inner surface of the rim at the end of the runway is 
made somewhat knobbed. Once trapped, the insects are prevented from escaping by a 
layer of vaseline or other viscous material smeared on the inner surface of the runway 
just beneath the rim for a depth of about an inch. All species of roaches will be pre- 
vented from escaping by having the viscous material spread in a thin layer. An in- 
secticidal material such as pyrethrum powder or sodium fluoride may be placed in the 
trap to destroy the insects although I have found that any inert, fine powder such as 
talc, flour, etc. will also destroy the insects when they wallow about in the powder so 
that their bodies are almost completely covered. 

The trap can be constructed from any of the following materials: glass, porcelain, 
smooth galvanized tin or other metals, thick cellophane, celluloid, or stiff paper waxed 
on the inner surface. All that is necessary is that the inner surface of the runway be of 
smooth and non-porous material. It does not appear to matter that the outer runway 
surface is smooth so long as the runway itself 1s not too steep. A 40-degree angle ap- 
pears to be the best slope. If desired, the trap can be constructed so that the base can 
be screwed on and off. It may also be of advantage to puncture numerous small holes 
in the runway to aid in the dissemination of the bait odors. 

With traps made of porcelain, 7% inches in base diameter, 4 inches in rim diameter 
and 3 inches in height, I have trapped thousands of roaches in a single trap in one 
night. Based on actual trappings I believe that such roach traps can be of great aid in 
ridding premises of all species. Certainly they can be used effectively as a supplemen- 
tary control measure to roach poisons. Also the traps caff be manufactured cheaply. 

NATHANIEL TISCHLER, Rutgers University, New Brunswick, N. J. 


techin as a Protecting Agent for the Active Principles of Pyrethrum in 
Finished Fly-Sprays and Concentrates. Much has been claimed for and against the 
ability of certain chemical compounds to “‘stabilize’’ or “‘protect’’ the active princi- 
ples of pyrethrum against oxidation or deterioration in other forms. These compounds 
are referred to generally as “‘Stabilizers’’ or ‘“‘Antioxidants’’. 

This work has been restricted to the study of one of the “‘Stabilizers’’ or ‘‘Anti- 
oxidants” known commercially as ‘“‘Pyrocatechin"’, and its effect in preserving the 
pyrethrin content in finished fly-sprays and kerosene concentrates made by the cold 
direct process of extraction. From an original batch of pyrethrum concentrate two 
1000cc. samples were set aside. One was “‘protected”’ by dissolving in it Pyrocatechin 
in the ratio of 1:300000 by weight. A portion of the original ‘‘unprotected”’ batch of 
concentrate was diluted 1+19 with kerosene to make a volume of finished fly-spray 
ample for the work. One liter of this finished fly-spray was left ‘‘unprotected”’ while,a 
second liter was ‘‘protected’’ with Pyrocatechin in the same manner as the concen- 
trate, i.e.—1:300000 by weight. The entire series of samples were assayed chemically 
by the Seil' method for the determination of pyrethrin content, and their toxicity was 
determined by the Peet-Grady method using approximately 1000 flies on each sample. 
The chemical and biological tests were repeated after an interval of nine months. All 
the samples were stored in air-tight metal containers and were subjected only to the 
variance of room temperature. The results of this work demonstrates: 

(a) That Pyrocatechin protects the active principles of pyrethrum against deter- 
joration to such a negligible degree that its useage is not warranted. 

(b) That when pyrethrum extracts are stored correctly the deterioration of active 
principle content is negligible for at least nine months. 

The data in the accompanying set of figures shows an 0.33% loss of active principle, 
or pyrethrin, content in the “‘unprotected” (i.e. no Pyrocatechin present) batch of 
pyrethrum concentrate against a 0.25% loss in the duplicate batch of ‘‘protected”’ 
concentrate over a nine months period of storage. Similarly, the batch of finished fly- 
spray made by diluting the original ‘‘unprotected” concentrate shows a loss in 


'Seil, H. A., “Estimation of Pyrethrins"’, Soap, Vol. 10, No. 5, p. 89. 1934. 
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pyrethrin content over the same period of 0.37% when “‘unprotected’”’ and 0.28% 
when “‘protected’’ by Pyrocatechin. 

On the basis of the results of Peet-Grady tests no distinction in killing power can 
be made between any of the above mentioned “protected” or ‘‘unprotected”’ samples 
before or after the nine months period of storage. 


DETERIORATION OVER AGING PERIOD OF NInE MonTHS 
A B D E F 


Py rethrum concentrate 
“unprotected’"* q 0.9084 . 2.1372 
Pyrethrum concentrate 
“unprotected’’* § /22 /2 0.9079 >> 2.1300 0.0005 0.0067 0.33% 


Pyrethrum concentrate 
“protected''t .. 5/22/35 0.9080 1.22: 2.1319 0.0004 0.0049 0.25% 


Finished fly-spray 
“unprotected’’* , 8 R 0.0455 0.0614 0.1069 


Finished fly-spray 

“unprotected'’* . & 35 0.0454 0.0611 0.1065 0.0001 0.0003 0.37% 
Finished fly-spray 

“protected’'t ee 5/18/35 0.0454 0.0612 0.1066 0.0001 0.0002 0.28% 

Legend: *No Pyrocatechin present. fPyrocatechin present 1:300000 by weight. 

A—Date of analysis F—Loss of pyrethrin II grams/100cc. 
B—Pyrethrin I grams/100cc. y—Total pyrethrins lost per cent of original con- 
C—Pyrethrin II grams/100cc. tent. 
D—Total pyrethrins grams /100cc. H—% knockdown (10 min.) by Peet-Grady 


Loss of pyrethrin I grams/100cc method. 
%, kill (24 hours) by Peet-Grady method 


Davin G. Hover and ALFRED WEED, John Powell & Co., Inc., New York City 


Apple Trees Affected by Frequent Sprays of Summer Oil. Beginning on May 29, 
1934 and ending on June 28, 1934 five cover sprays at intervals of 7 days were applied 
to an 8-acre block of apple trees (York Imperial variety about 30 years old). In each 
of the five sprays the following amounts of materials were used per 100 gallons: 
Copper sulphate 1 Ib., hydrated lime 3 Ibs., Black Leaf-155 5 Ibs., and Orthol-K oil 
emulsion 2 quarts, except in the last cover when this was increased to 3 quarts. The 
trees received a very heavy and thorough coating at each application. At the close 
of the season of 1934 no evidence of injury from the sprays was noticeable. Neither 
was there any such evidence through May and June of 1935 when the orchard, in- 
cluding all of the trees in the 8-acre block, received the calyx and 3 cover sprays of 
lead arsenate 3 Ibs. per 100 gal. Arsenical injury on the foliage became evident in July. 
Soon after the fourth cover spray of lead arsenate was applied in late July the foliage 
began dropping on weakened trees in various parts of the orchard, but foliage injury 
was much more apparent in the 8-acre block and by late August all of the trees in the 
8-acre block had dropped most of their foliage, except one tree which retained green 
and normal foliage. This particular tree served as the unsprayed check tree in the 
8-acre spray block of 1934. All of the trees adjoining the 8-acre block retained most 
of their foliage while all of the trees within the block (except the unsprayed check 
tree of 1934) dropped most of their foliag« by the first of September, so that the con- 
trast in foliz age within and outside of the 8-acre block was striking indeed. Although 
the foliage in 1934 showed no visible effects from the heavy and frequent applica- 
tions of oil, it appears probable that the leaves failed to function normally and as a 
result the trees went into the winter undernourished and weak. It is a matter of 
common knowledge that arsenical injury on apple trees appears first and most 
severely on the toliage of weak trees. 

W.S. HouGu, Va. Experiment Station, Winchester, Va. 


An Improved Codling Moth Trap. The wide-mouth quart jar with ring and 4- 
mesh cover, developed by Yetter (Jour. Econ. Ent. 23: 85-91, 1930) as an oriental 
fruit moth trap has a number of advantages that the types of traps commonly used 
in codling moth work do not have. The pots, stew pans, cones, and tin pails usually 
employed as bait containers cannot be hung so high in the average tree, nor can they 
be conveniently covered to exclude larger insects which usually lower the efficiency 
of the bait. Furthermore, evaporation is greater, and the solution is more frequently 
spilled by winds or diluted by rains, their cost of operation being thus increased. 
If operated properly, however, stew pans and cones usually capture more moths. 
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In an attempt to find a trap that would retain the advantages of the wide-mouth 
jar and increase its efficiency to equal that of the most effective of the other types, 
two of the jars were joined together so that either could be emptied independently 
of the other, yet they would be held together securely enough to prevent breakage. 
See Figure 167. 

The junction is made by fastening a wire ring with a quarter-inch eyelet in it 
around the neck of each jar and bringing the eyelets together. A single strand, 6 
inches long, of No. 10 wire is inserted through these openings and each end bent to 
the middle to form hooks. 

In preliminary tests during 1934, traps of this type proved 80 per cent more effec- 
tive than the single jar and equalled the best of the other types. During the current 


Fic. 167.—Improved codling moth trap. 


season the double traps are being used in experiments covering 40 acres. Breakage 
has been no greater than with the single glass jar. 

The double trap has a distinct advantage in that two ages of a bait solution, or two 
different baits, can be used at the same lime. Where fermenting attrahents are 
employed, a more uniform level of attractiveness is assured because the liquid in one 
side will be near its peak efficiency when that in the other half drops to a low point 
and is due for renewal. When a few traps are used as a means of timing spray applica- 
tions, the maintenance of a nearly uniform level of attractiveness is especially im- 
portant in order that the introduction of unnatural peaks in the emergence or activity 
curve may be avoided. 

For use as codling moth traps, the jars should be covered with 3-mesh screen in- 
stead of 4-mesh (per inch), except where larger species of insects are not trouble- 
some, in which event the traps can be used without covers. 

L. F. STEINER, Associate Entomologist, Bureau of Entomology and 
Plant Quarantine, U. S Department of Agriculture 


The Effectiveness of Various Derris and Cube Products for Control of the Red 
Spider on Greenhouse Plants. Sprays made from commercial acetone extracts of 
derris (Jour. Econ. Ent. 26: 995. 1933.) and sulphonated castor oil (turkey red oil) 
have been found to be toxic to the common red spider (Tetranychus telarius L.) in 
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small scale tests on infested tomato plants in the greenhouse. Dilutions giving, res- 
pectively, rotenone contents of 1-15,000, 1-25,000, and 1—50,000 by weight and total 
extractives of approximately 1-4,000, 1-6,250, and 1-12,500, in water containing 
0.25 per cent (1-400) by volume of sulphonated castor oil, 75% product, gave 
100, 98.3, and 93.7 per cent mortality. 

Sulphonated castor oil alone has only slight toxicity to the red spider at the stated 
concentration, but it gives good wetting power to the spray. Furthermore, it does 
not have the deteriorating action on derris residues that soap was found to have 
(Jour. Agr. Research 49: 259-272. 1934). However, considerable trouble has been 
experienced with commercial acetone extracts that have deteriorated during storage. 
They are not only much less effective in insecticidal and acaricidal action, but they 
produce large quantities of resinous precipitates when added to the spray, even 
though first diluted with an equal volume of acetone. These precipitates tend to 
clog the sprayer and pump valves, making such extracts unsuitable for practical use. 

From the figures given above it appears that undeteriorated derris extracts are 
much more toxic to the red spider than are equivalent quantities of pure rotenone, 
for in a previous paper (Jour. Econ. Ent. 25: 592-599. 1932) it was shown that 0.02 
per cent by weight of rotenone (1—5,000) with 0.5 per cent by volume of sulphonated 
castor oil (1-200) gave only 25 to 35 per cent kill of the mites. In that paper the 
mortality on any one day seemed to approach a limit with a concentration of 0.02 
per cent of rotenone. For example, with 0.5 per cent by weight of potassium oleate, 
a 0.02 per cent by weight concentration of rotenone gave 65 per cent kill but a 5-fold 
increase to 0.1 per cent of rotenone gave only a 67 per cent kill. On another day the 
figures were 78.6 and 83.4 per cent, respectively. On still another day the 0.02 per cent 
concentration killed 54 per cent but a 2%-fold increase (0.05) gave only 55.3 per cent 
kill. That is, at concentrations of 0.02 per cent and above the mortality curve flat- 
tened out, as if the mortality approached a limit, indicating some unusual influence. 
When these experiments were made, it was noted that at the concentrations in ques- 
tion crystals of what was probably pure rotenone separated out on the leaf, and in 
solutions prepared more recently similar crystals could be seen in the spray liquid. 
Dilution of acetone extracts of rotenone is apparently not a suitable method for 
obtaining a fine suspension, and it is questionable whether the true effectiveness of 
rotenone is indicated by a spray in which the rotenone is in crystalline form. Rotenone 
in a much finer condition of dispersion is probably more toxic to the red spider than 
is indicated from the results published in this earlier paper. 

A dust containing derris extract in diatomaceous earth prepared to give 0.5 per 
cent of rotenone or 1.8 per cent of total derris extractives' had little effect against 
the red spider on hollyhocks in the greenhouse (2 per cent kill of 321 mites). 

Suspensions of finely ground derris root (2.9 per cent of rotenone and 16.7 per cent 
of total carbon tetrachloride extractives) at a concentration of 0.25 per cent by weight 
(rotenone approximately 1—14,000) in combination with 0.25 per cent by volume of 
sulphonated castor oil (1-400) were found to give very high kills of the red spider on 
cucumber plants. In one series of small-scale tests five replications, using approxi- 
mately 100 mites each, gave 95.4, 100, 93.4, 85.0, and 83.7 per cent, an average 
(weighted) of 92.4 per cent kill of adult red spiders. In another series with the same 
concentration of derris powder but with 0.5 per cent by volume of sulphonated castor 
oil the mortalities ran 97.8, 100, 99.3, 98.7, and 100 per cent, and averaging 99.2 
per cent, of adults. These two series gave averages, respectively, of 86.2 and 97.6 
per cent kill of nymphs. It was noted that onion thrips (Thrips tabaci Lind.) on 
cucumber were also killed, but no counts were made. 

Suspensions of powdered cube root (5.3 per cent of rotenone and 17.3 per cent of 
total carbon tetrachloride extractives) at the rate of 0.25 per cent (rotenone approxi- 
mately 1-8,000) in combination with 0.25 per cent by volume of sulphonated castor 
oil also gave high mortality, the replications running 96.8, 97.9, 95.3, 97.6, and 96.8, 
per cent, with a weighted average of 97.2 per cent of the adults. With the same con- 
centration of derris, but using 0.5 per cent of sulphonated castor oil, the mortalities 
were 100, 98.2, 99.2, 100, and 100 per cent, with an average of 99.2 per cent, of the 
adults. The average mortalities for the nymphs in these series were 96.6 and 99.5 per 
cent, respectively. 


All the analyses were made by H. A. Jones, of the Division of Insecticide Investigations, Bureau 
of Entomology and Plant Quarantine. 
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The derris root powder suspensions (0.5 per cent by weight) with sulphonated 
castor oil (0.25 per cent) seemed to be quite stable, as they were just as toxic to the 
mites 6 days after preparation as when freshly prepared. There appeared to be no 
advantage in soaking the powder in cold water before spraying or in boiling the 
suspension (in one-eighth the final volume of spray) for a few minutes and then 
diluting it in the spray. The suspension was much less effective when used without 
a wetting agent. 

This same derris powder was tested by the writer and C. A. Weigel in a heavily 
infested commercial cucumber greenhouse at Barberton, Ohio, (June 1935). At about 
one-half the concentration of derris powder (0.12 per cent; rotenone theoretically 
0.0034 per cent or near 1-30,000) and a slightly higher concentration of sulphonated 
castor oil (1-300) a kill of 98.4 per cent of 1418 adults and 96.4 per cent of 256 nymphs 
resulted. With a lower concentration of sulphonated castor oil (1-400) the effect 
was not so great. A spray containing lauryl and mixed thiocyanates (believed to be 
near 0.083 per cent) with sulphonated fish oil as a wetting agent produced high 
mortality (94-99 per cent) and appeared not to injure the plants. 

A recent paper by L. P. de Bussy, P. A. van der Laan, and E. F. Jacobi (Tijdschr. 
over Plantenzeikten 41: 33-50. 1935) has come to the writer's attention, in which it 
is shown that a spray containing derris powder and soap (rotenone 1-5,000) gav: 
effective control of tetranychid mites. 

HENRY H. RIcHARDSON, Division of Truck Crop and 
Garden Insect Investigations, Bureau of Entomology 
and Plant Quarantine, U. S. Department of 
Agriculture. 


CONFERENCE OF CONNECTICUT ENTOMOLOGISTS 


The twelfth annual conference of entomologists working in Connecticut was held 
in the Assembly Room at the Connecticut Agricultural Experiment Station, New 


Haven, on Thursday, October 24, 1935. Dr. R. B. Friend was elected chairman, and 
77 persons were present. Luncheon, consisting of a New England boiled dinner, was 
served by members of the Entomology Department staff. 

The following program was carried out: Greeting, Director William L. Slate, 
New Haven; Some Entomological Features of 1935, Dr. W. E. Britton, New Haven: 
Notes on a Japanese Weevil, Calomycterus setarius Roelofs, in Connecticut, M. P 
Zappe, New Haven; The European Spruce Sawfly in the Northeast (Lantern slides), 
Dr. H. J. MacAloney, New Haven; The European Earwig as a Pest in Rhode Island, 
Dr. A. E. Stene, Kingston, R. I.; The Present Gypsy Moth Situation, A. F. Burgess, 
Greenfield, Mass.; Progress in Dutch Elm Disease Eradication, L. H. Worthley, 
White Plains, N. Y.; Progress of Elm Tree Sanitation in Connecticut with Relief 
Funds, W. O. Filley, New Haven; Notes on Hylurgopinus rufipes Eichh. (Lantern 
slides), Dr. B. J. Kaston, New Haven. 

Inspection of Department of Entomology: exhibits, collection, library and parasit« 
rooms; Demonstration (Room 12, Jenkins Laboratory) of new method of inflating 
larvae, G. H. Plumb, New Haven; Recent Developments in Sprays for the Control of 
the European Corn Borer, Dr. C. H. Batchelder, New Haven; Termite Damage to 
Buildings in Connecticut (Lantern slides), N. Turner, New Haven; The Spruce Gall 
Aphid: Relationship Between the Hibernating Females and the Survival of th 
Spring Generation (Lantern slides), Dr. R. B. Friend, New Haven; The Relationship 
ot Insects and Plants in Gall Production (Lantern slides), Dr. E. P. Felt, Stamford; 
Notes on Rearing the Apple Maggot and Certain Parasites of the Oriental Fruit 
Moth (Lantern slides), Dr. Philip Garman, New Haven and Progress of Mosquito 
Elimination in Connection by the Use of Relief Funds (Lantern slides), R. C. 
Botsford, New Haven. 


Rocky MOUNTAIN CONFERENCE OF ENTOMOLOGISTS 


The 12th annual Rocky Mountain Conference of Entomologists was held at the 
Colorado State College Forestry Lodge, Pingree Park, Colorado, August 18-23, 1935 
inclusive. A total of 92, the largest number on record, registered at the Conference. 
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The following are those interested directly in entomology: Nellie Bilstad, Mrs. R. J. 
Bushnell, Ralph J. Bushnell, and C. L. Fluke, Madison, Wisc.; Cornelius B. Philip, 
and R. R. Parker, Hamilton, Mont.; C. E. Sanborn, Stillwater, Okla.; Geo. A. Dean, 
Richard T. Cotton, Robert Cotton, H. H. Walkden, Donald A. Wilbur and R. L. 
Parker, Manhattan, Kans.; W. P. Hayes, and M. D. Farrar, Urbana, IIl.; A. D. 
Shaftesbury, Greensboro, N. C.; Ralph Swain, St. Louis, Mo.; Alexander B. Klots, 
and Herbert Rucker, New York City; O. A. Hills, Grand Junction, Col.; M.S. Troth, 
and G. E. Marshall, Orleans, Ind.; E. J. Sorenson, J. S. Stanford, W. M. Henderson 
and G. F. Knowlton, Logan, Utah; Miriam A. Palmer, Mrs. M. T. James, Maurice 
T. James, Leslie B. Daniels, R. G. Richmond, Geo. M. List, John L. Hoerner, Gordon 
T. Mickle, R. G. Mack, C. R. Jones and C. P. Gillette, Ft. Collins, Colorado; Carrol 
Wade, and J. H. Newton, Paonia, Colorado; Otis Wade, Lincoln, Nebr.; John W. 
Scott, Laramie, Wy.; A. C. Maxson, Longmont, Col.; T. D. A. Cockerell, and Mrs. 
T. D. A. Cockerell, Boulder, Col.; Geo. I. Reeves, Salt Lake City, Utah; Charles D. 
Michener, Pasadena, Calif.; E. R. Bliss, Greeley, Col.; W. J. Zaumeyer, Washington, 
D. C., and Geo. W. Stiles, Jr., Denver, Col. 

Eight sessions were held for discussions and the reading of papers. The following 
are the more formal subjects: Mill Fumigation—R. T. Cotton, Manhattan, Kans.; 
Cut Worms—H. H. Walkden, Manhattan, Kan.; Insects of Pasture Grasses 
Donald A. Wilbur, Manhattan, Kan.; White Grubs—C. L. Fluke, Madison, Wisc.: 
Kansas Insects in 1985—Geo. A. Dean, Manhattan, Kans.; Light Traps for Codling 
Moth—G. E. Marshall, Orleans, Ind.; Codling Moth Control—M. S. Troth, Orleans, 
Ind.; Spray Residue—C. L. Fluke, Madison, Wisc.; Tabanids as Vectors of Anaplos- 
mosis in Cattle—C. E. Sanborn, Stillwater, Okla.; Insect Transmission of Equine 
Encephalomyelitis—G. F. Knowlton, Logan, Utah; Swamp Fever or Infectious 
Enemia of Horses—John W. Scott, Laramie, Wy.; The Rocky Mountain Spotted 
Fever—R. R. Parker, Hamilton, Mont.; The Eastern Type of the Rocky Mountain 
Spotted Fever— A. D. Shaftesbury, Greensboro, N. C.; Tularaemia with Special 
Reference to Arthropod Vectors—C. B. Philip, Hamilton, Mont.; The Methods of 
Modern Taxonomy—M. T. James, Ft. Collins, Col.; Taxonomy—A. B. Klots, New 
York City, N. Y.; Immature Insects—W. P. Hayes, Urbana, Ill.; Wing Venation in 
the Brachycerous Diptera—C. B. Philip, Hamilton, Mont.; Ticks and the Rocky 
Mountain Spotted Fever (Lantern)—R. R. Parker, Hamilton, Mont.; Wild Bees of 
North America—T. D. A. Cockerell, Boulder, Col.; The Beet Leaf Hopper and 
Curley Top—O. A. Hills, Grand Junction, Col.; The Relation of Aphids to the 
Spread of Bean Mosaic—Wm. J. Zaumeyer, Washington, D. C.; The Peach Mosaic 
and the Insects that may be Vectors—Geo. M. List Fort Collins, Col.; The Psyllid 
Yellows of Tomatoes and Potatoes—Geo. M. List, Fort Collins, Col.; Economic 
Investigations of the Natural History Survey in Illinois—M. D. Farrar, Urbana, IIIL.; 
Codling Moth Studies—J. H. Newton, Paonia, Col.; Alfalfa Weevil Studies—G. I. 
Reeves, Salt Lake City, Utah; Kinds of Aphids Infesting Groups of Plants—M. A. 
Palmer, Fort Collins, Col.; Several Motion Pictures on Wild Life and Conservation 
were shown by Professor and Mrs. T. D. A. Cockerell, Boulder, Col 

The officers elected for 1936 were: C. P. Gillette, Chairman; Donald A. Wilbur, 
Vice-chairman; Geo. M. List, Secretary, and C. R. Jones, Treasurer. 


GEORGE M. List, Secretary 
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It has been necessary to eliminate a number of papers in the printed 
Proceedings of the Southern Branch and of the Pacific Slope Branch, and 
in spite of this, a number of independently submitted papers, or papers 
read by title at earlier meetings of the Association await publication. 
They have been held because the Proceedings of the Association and its 
branches, some of the latter subject to certain restrictions, take prece- 
dence. A large number of papers were presented before the Eastern 
Branch and a heavy program is scheduled for the St. Louis meeting. The 
Journal policy has been to print meritorious papers as rapidly as pos- 
sible. The indications are that for the next few years matter submitted 
for publication will considerably exceed the amount which can be 
printed, even if the additional subscription rate is approved. The desir- 
ability of a well organized symposium is recognized and yet, symposia 
are likely to result in a considerably increased volume of matter sub- 
mitted for publication, due in part to possibly unavoidable repetitions 
by those participating. Within the last twelve months there have been 
three codling moth symposia, or their equivalent, there being twenty-one 
papers and approximately 80 printed pages on this one insect in the 
current volume. The codling moth is an important pest and all phases 
should be given thorough consideration. There was a symposium on 
this insect at the meeting of the Central States Entomologists. This was 
apparently as successful as the others, although the proceedings were 
not published, and in view of the great need of conserving space in the 
Journal, it seems desirable to call the attention of those preparing 
symposia or discussing pests presenting similar conditions in various 
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sections of the country, to the desirability of working out some plan 
whereby the essentials can be condensed in a few comprehensive papers, 
thus meeting the needs of all and making possible the publication of 
considerably more other matter. It is expected that a continuance of 
present conditions will make inevitable more drastic restrictions on 
accepted matter. The general recognition of the situation and coopera- 
tion of the entire membership should aid the Journal materially in its 
purpose to serve the entire membership more fully. 


Reviews 


The Bionomics cf Entomophagous Coleoptera, by WALTER VALENTINE 
BALDUF, pp. 1-220, 4to., John S. Swift Co., Inc., Si. Louis, 1935. 


The author has brought into a neatly printed lithotyped o7 planographed volume 
a summation of available knowledge in regard to the bionomics of those Coleoptera 
which prey upon other insect. The occurrence of such forms is known to all entomol- 
ogists, though few realize, in all probability the many beetles which, either as larvae 
or adults, prey upon other insects. This digest opens up a field which has been largely 
neglected, except as it has received incidental notice by students concerned mainly 
with other species. It arouses a suspicion that there has been general under-estimation 
of the partthese forms may play as checks upon injurious forms and suggests that 
investigations as to possibilities in this direction might result in material additions to 
our knowledge of biological control. There is an extended bibliography for each of the 
groups and the detailed index can not be commended too highly. 


E. P. Fett 


Abridged Catalogue of Certain Scutelleroidea (Plataspidae, Scutelleridae 
and Pentatomoidae) of China, Chosen, Indo-China and Taiwan, by 
WituramM E. HorrMan, pp. 1-294, Lingnan University, Canton, 
China, 1935. 

This scientific bulletin is a bibliographical catalogue of 448 species and 32 varieties 
assigned to 153 genera. It is supplemental to Kirkaldy’s catalogue. The first part of 
this contribution is followed by a list of additional species published in 1934. There is 
also an alphabetical list of genera and species and an extensive annotated bibliog- 
raphy followed by a discussion of the faunal sub-regions of eastern Asia with special 
reference to China and an alphabetical list of some 600 place names in eastern Asia. 

This work adds considerably to our knowledge of a group of insects in a com- 
paratively unknown section of the world, entomologically speaking, and in addition 
throws light upon an important faunal area. 

E. P. Fett 


Current News Notes 


Biographical sketches of Doctors C. L. Metcalf, C. J. Drake and W. E. Britton, 
the last two with portraits, were published in the August issue of Town and Country 
Review, London, England. 

Mr. C. F. W. Muesebeck who for the past few years has been acting as assistant 
leader of the Division of Taxonomy of the U. S. Department of Agriculture has been 
appointed as leader to succeed Doctor Harold Morrison who will resume his studies 
on the classification and identification of scale insects. 

Earnest E. Scholl formerly Assistant Director of Extension Service, Oklahoma 
A. & M. College, has been promoted Acting Director vice D. P. Trent, who has se- 





1082 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 28 


cured a leave of absence to take charge of a state wide program with the Rural Re- 
habilitation Administration. Scholl came to Oklahoma July 18, 1922 as Extension 
Entomologist, received his promotion to Assistant Director July 1, 1925. 


Professor Franklin Sherman, State Entomologist of South Carolina and Head of 
the Department of Zoology and Entomology at the Clemson Agricultural College has 
been incapacitated for several weeks. He underwent an operation for kidney stone on 
October 7th and is now (November 1) well on the road to recovery. Professor Sher- 
man served as President of the A.A.E.E. during the year 1930. 


Mr. Curtis W. Sabrosky, of Wellington, Kansas, was awarded the Kansas State 
College Sigma Xi Chapter research prize this year for his recent publication on ‘“‘The 
Chloropidae of Kansas’’. This publication was completed during Mr. Sabrosky's 
residence as a graduate student in the Department of Entomology of the Kansas 
State College. The Sigma Xi research prize is awarded annually to a graduate student 
who completes an outstanding paper in some field of research. 


Parts of six divisions of the Bureau of Entomology and Plant Quarantine are now 
located at the Beltsville Research Center, Beltsville, Md. The divisions and profes- 
sional personnel are as follows: 

Bee Culture—J. I. Hambleton (in charge), C. E. Burnside, W. J. Nolan; Control 
Investigations—F. L. Campbell (in charge), J. W. Bulger, D. E. Fink, J. B. Gahan, 
A. C. Johnson, N. E. McIndoo, H. H. Richardson, W. N. Sullivan, M. C. Swingle; 
Fruit Insects—E. H. Siegler (in charge), F. Munger; Insecticide Investigations—H. A. 
Jones (in charge), L. D. Goodhue; Insects Affecting Man and Animals—W. Colman 
(in charge); Truck Crop and Garden Insects—C. A. Weigel (in charge), A. C. Davis, 
R. H. Nelson, F. F. Smith. 


Mail for the foregoing men should be addressed to Bureau of Entomology and 
Plant Quarantine, Beltsville Research Center, Beltsville, Md. 


Horticultural Inspection Notes 


A recent revision of the Oregon Alfalfa Weevil Quarantine has also been released. 
The regulations of Oregon Quarantine No. 37 (N. S.) require a certificate on potatoes 
coming into the state from the infested territory showing that, immediately prior to 
loading in cars, the potatoes have been passed over a screen, placed in fresh, clean 
sacks, and packed in cars that are free from alfalfa hay or other hay or cereal straw. 


According to M. S. Yoemans, state entomologist of Georgia, a Quarantine Order 
No. 48 was issued, effective October 30, 1935, forbidding the movement in any 
manner of peppers of all types, whether green or dried and of the pepper plants 
themselves, from certain infested counties and states, because of the pepper weevil 
(Anthomomus eugenii). This insect is not known to be widely established in the state 
of Georgia. 


Active Gypsy Moth scouting carried on this summer in Quebec and New Bruns- 
wick revealed no sign of this pest in either province, and scouting for the European 
corn borer in the Winnipeg district and in New Brunswick also resulted negatively, 
according to the recent branch news letter issued at Ottawa, by the Canadian Depart- 
ment of Agriculture. 


The Central Plant Board members, meeting at Chicago on November 5, with the 
other state inspection officials at the conference called by the National Plant Board, 
held a special session to discuss the desirability of continuing the federal Japanese 
Beetle Quarantine and to decide what should be done about the widely separated isolat- 
ed lightly-infested areas. A resolution was passed by this group urging upon the Federal 
Bureau of Entomology and Plant Quarantine the continuance of this quarantine and 
recommending that no extension of the quarantine line be made to include the 
isolated infestations at this time. South Dakota was the only state of the thirteen 
states belonging to this group not represented at the meeting. 
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Four states, lowa, Michigan, Kansas and Wisconsin, have recently issued revisions 
of their respective alfalfa weevil quarantines, bringing the infested areas up to date 
and permitting, in addition to alfalfa meal at all times, the shipment of chopped 
alfalfa hay. Their regulations provide that such shipments must be made during the 
period of December 1 to March 15 inclusive, from accredited mills and under the 
supervision of authorized inspectors. The chopped hay, besides being required 
loaded in a thoroughly clean car or truck, must have been blown into such car or 
truck with a blower making not less than 2100 revolutions per. minute. 

These uniform regulations were drafted by a committee appointed by the Central 
Plant Board for that purpose, of which George A. Dean of Kansas was chairman. 


The counties of Camden, Decator, and Glynn, in Georgia, having been determined 
by the State Entomologist of that state infested with the sweet potato weevil, have 
been placed under quarantine. 

Quarantine Order No. 47 prohibits the movement in any manner of sweet potato 
tubers and parts thereof, including plants, vines, cuttings, draws and slips, out of 
these counties and such other ones as may later be determined as infested. 


A revision of the federal Gypsy Moth and Brown-tail Moth Quarantine No, 45, 
effective November 4, 1935, permits exemption of such of the products and articles 
subject to infestation and heretofore included as the Chief of the Bureau of Entomol- 
ogy and Plant Quarantine is convinced can be moved without involving risk of 
spreading these two pests. The revised regulations provide further that persons 
receiving certificates permitting them to ship products outside the regulated area 
shall report, at the time of the shipment, all such consignments. No change was made 
in the areas regulated because of these pests, which still include the entire state of 
Rhode Island and parts of Connecticut, Maine, Massachusetts, New Hampshire and 
Vermont. 


The Missouri Intrastate Quarantine No. 1 pertaining to the Japanese Beetle was 
revised October 24, 1935. This quarantine and its regulations, issued to provide for 
the suppression or eradication of the St. Louis Japanese Beetle infestation and to 
prevent its spread to uninfested parts of that state, brings the infested areas up to 
date and requires a permit for all nursery stock and other plants, soil and other 
materials capable of transporting the Japanese beetle. Permits are authorized only on 
condition that the articles to be transported can be freed of infestation by some 
satisfactory treatment. The regulations further authorize the plant officer of the 
State Department of Agriculture to apply such treatments to plants or soil within the 
named infested area and to set up beetle traps either inside or outside the infested 
areas as he sees fit. 


According to a recent press release issued by the U. S. De partment of Agriculture 
concerning the Dutch Elm Disease, 998,964 dead or dying elms have been marked for 
destruction since the campaign for the eradication of this disease was started two 
years ago. This season’s scouting brought to light only a few more cases of this disease 
in the four isolated spots outside the quarantined area where it was found last year. 
Two of these were in Cleveland, Ohio, four at Old Lyme, Connecticut, ten at Indianap- 
olis, Indiana, and two at Norfolk, Virginia. Cases were reported also from two new 
localities, Portsmouth, Virginia, just across the river from Norfolk, and at Bruns- 
wick, Maryland, about sixtv miles west of Baltimore. 


Nine of the eleven states belonging to the Southern Plant Board group having 
representatives at the Chicago conference of regu atory officials held two evening 
sessions while there, on November 4 and 5 respectively, to discuss some of their com- 
mon problems. The states represented were Oklahoma, Arkansas, Alabama, Louisi- 
ana, Florida, Georgia, Tennessee, Mississippi and South Carolina. 


Thirty-one states were represented at the two day conference of state plant 
quarantine officers called at the Congress Hotel in Chicago on November 5 5, by the 
National Plant Board in conjunction with the Federal Bureau of Entomology and 
Plant Quarantines. Five other states were represented at this meeting by proxy. 
Among the representatives of the Federal Bureau of Entomology and Plant Quaran- 
tine who took an active part in this conference were Lee Strong, Chief, and A. S. 


Hoyt, A. F. Burgess, L. H. Worthley, B. M. Gaddis, S. B. Fracker, E. R. Sasscer. 
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The primary purpose of calling the conference was to work out a plan whereby 
state nursery inspection regulations and plant quarantines could be made more uni- 
form and effective. A resolution was unanimously voted by states recognizing a lack 
of uniformity among the several states and the necessity of a definite program to 
remedy this situation. The National Plant Board was directed to initiate the neces- 
sary steps toward this end and to cooperate with the federal Bureau of Entomology 
and Plant Quarantine in establishing a set of standards as a basis of effective inspec- 
tion and as a condition of interstate shipments being covered by a federal certificate. 

Among the more important quarantine matters considered were the subjects of 
narcissus bulb pests, alfalfa weevil, Japanese beetle. 

Progress reports were heard and discussed on Gypsy and Brown-tail moth control 
work, White Pine Blister Rust control, Barberry eradication, Domestic quarantine 
enforcement, Foreign quarantine enforcement, Japanese Beetle, Dutch Elm Disease, 
Potato Wart disease, and European Corn-borer. 

The states represented at the conference were: Alabama, Arkansas, California, 
Connecticut, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana, Maryland, Michigan, Minnesota, Mississippi, Missouri, 
Nebraska, New Hampshire, New Mexico, Ohio, Oklahoma, Oregon, South Carolina, 
North Dakota, Tennessee, Virginia, Washington and Wisconsin. 

The National Plant Board held a special session at Chicago, Illinois, on November 
4 to complete plans for the general conference of state and federal regulatory officials 
called by it for the two following days at the Congress Hotel, Chicago. All members 
of the board were present, including W. C. O’Kane, chairman, R. W. Leiby, secre- 
tary, A. C. Fleury, W. H. Wicks, J. F. Adams, M. S. Yoemans, G. A. Dean, and E. L. 
Chambers. 

The Board accepted an invitation to meet for the next regular session with the 
Central Plant Board and North Central States’ Entomologists at Ames, lowa, during 
the latter part of February. 


ERRATA 


Page 808, lines 32 and 33 should read as follows: 


nus Seius, attacking both the eggs and adults of the Angoumois grain moth, the 
host used in mass rearing of Trichogramma, have caused 
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Forty-eighth Annual Meeting of the 
American Association of Economic Entomologists 
St. Louis, Mo. 


DECEMBER 30, 1935-JANUARY 1, 1936 


The 48th Annual Meeting of the American Association of Economic 
Entomologists will be held at St. Louis on the above dates. All sessions 
will be held in the Hotel Jefferson which is also hotel headquarters. 

The schedule of meetings has been arranged as follows: 

Monday, December 30 

Section of Plant Quarantine and Inspection, Sessions at 9:30 A. M. and 2:30 
P. M. 
General Session, President’s Address, 12:00 Noon. 
Section of Apiculture, 2:30 P. M. 
Monday Evening, Meeting of Executive Committee, 8:00 P. M. 
Section of Extension Entomology, 7:30 P. M 
Tuesday, December 31. 
Opening Business Session, 9:00-10:00 A. M 
Reading of Papers, 10:00 A. M. 
Afternoon Session, Reading of Papers, 2:00 P. M. 
Tuesday Evening, Entomologists’ Dinner 
Wednesday, January 1. 
General Session, Reading of Papers. 9:30 A. M. 
Afternoon Session, Symposium, Orchard Sanitation, 1:30 P. M. 
Final Business Session. 


OTHER MEETINGS 

The Annual Meeting of the American Association for the Advance- 
ment of Science, its sections and affiliated societies, will be held Decem- 
ber 30, 1935 to January 4, 1936. Important features of their program 
will be published in Science (first copy in December). Many of these will 
be of interest to our members. 

The Entomological Society of America will open its meeting Monday 
morning, December 30, and continue through Tuesday, December 31. 
It has planned a joint session with this Association at 12:00 Noon, 
December 30. 

The annual public address before that Society will be delivered by 
Dr. C. P. Clausen on Tuesday evening. Members of our Association are 
cordially invited to attend these sessions 


Hots. HEADQUARTERS 
Hotel headquarters have been secured at the Hotel Jefferson. The 
special convention rates are as follows: 
Single rooms, $3.00, $3.50, $4.00, $4.50, $5.00 
Double rooms, $4.00, $4.50, $5.00, $6.00. 
Additional accommodations for 3 or 4 persons per room at lower rates. 
All rooms with bath 
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RAILROAD RATES 


Reduced railway rates, by the receipt-certificate plan, have been 
granted for the St. Louis meeting by the railway passenger associations 
of the United States, and the Canadian Eastern lines. The round-trip 
fare for a person attending the meeting is to be one and one-third times 
the regular one-way fare. 


Tickets to St. Louis are to be purchased within definite time limits. 
For information on these rates, see your local Passenger Agents. 


Persons residing in the regions of reduced rates on the certificate 
plan should each purchase a first-class, full-fare, one-way through 
ticket to St. Louis, being sure to secure a certificate on the receipt- 
certificate form, reading for the St. Louis meeting of the ‘‘American 
Association for the Advancement of Science and Associated Societies’. 


Persons residing outside the regions of reduced rates should each 
purchase a round-trip ticket to the nearest station issuing through 
tickets to St. Louis and situated within the region of reduced rates. 
On arrival at that station a one-way ticket to St. Louis and a certificate, 
as directed in the preceding paragraph, should be secured. 


For the return trip, railway agents at St. Louis will honor any properly 
endorsed and validated certificate if presented at least thirty minutes 
before the scheduled time of departure of the train for which it is to be 
used. Each person presenting an endorsed and validated certificate 
may purchase a continuous passage, one-way, return ticket for one third 
of the regular fare, by the same route as that followed on the trip to 
St. Louis. Certificates may be validated from December 30, 1935 to 
January 4, 1936. The last date on which return tickets may be purchased 
is January 8. 


REGISTRATION 


The Headquarters of the American Association for the Advancement 
of Science for registration and validation of certifications will be located 
in the Municipal Auditorium. 

The usual fee of $1.00 will be charged for registration, validation, etc. 


ENTOMOLOGISTS’ DINNER 


The customary Entomologists’ Dinner will be held on Tuesday Even- 
ing, followed by the Annual Address before the Entomological Society 
of America. 

Further notices as to hour, room and price of tickets will be announced 
by the Committee at the Monday and Tuesday Morning Sessions. 


MEMBERSHIP 


Applications for membership can be secured from the Secretary or 
from the Committee on Membership. These should be filled out, properly 
endorsed and filed with the Membership Committee on or before Decem- 
ber 31. Each application must be accompanied with a fee of $4.50. 
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A. A. A. S. MEMBERSHIP 
Members of our Association are granted the privilege of joining the 
A. A. A. 5. without payment of the customary initiation fee of $5. 
Application cards are available through the Permanent Secretary of 
that Association. 
Program 


Monday Morning Session, December 30, 9:30 A. M. Gold Room 


SECTION OF PLANT QUARANTINE AND INSPECTION 
S. B. FRacKER, Chairman E. L. CHAMBERS, Secretary 


Appointment of Committees on Resolutions and on Nominations. 
Address by the Chairman, S. B. Fracker, Washington, D. C. ‘‘The 

Progressive Intensification of Uncontrolled Plant Disease Outbreaks’’. 

1. Recent Developments in Regulatory Work in Canada. Leonard S. 
McLaine, Ottawa, Canada. 

2. Accomplishments of the Bureau of Entomology and Plant 
Quarantine Under the Emergency Work Program. A. S. Hoyt, Wash- 
ington, D. C. 

3. The Chinch Bug Situation in Iowa. C. J. Drake and G. C. Becker, 
Ames, lowa. 

4. Recent Developments in Crown-Gall Control. A. J. Riker, 
Madison, Wisconsin. 

5. Special Certification of Strawberries for the Purpose of Eliminat- 
ing Virus and other Degeneration Diseases. A. G. Ruggles, St. Paul, 
Minnesota. 

6. Recent Progress in the Eradication of Citrus Canker and the 
Control of Phony Peach and Mosaic Diseases. B. M. Gaddis, Washing- 
ton, D.C. 

7. Recent Developments in Dutch Elm Disease Control. L. H. 
Worthley, White Plains, New York. 


Program 


Monday Afternoon Session, December 30, 2:30 P. M. Gold Room 


8. The Japanese Beetle in the Middle West. J]. Carl Dawson, Jeffer- 
son City, Missouri 

9. Recent Control Work on the Gypsy Moth and the Brown Tail 
Moth. A. F. Burgess, Greenfield, Mass 

10. The Present Status of the Alfalfa Snout Beetle (Brachyrhinus 
ligustict L.) Problem. Charles Palm, Ithaca, New York. 

11. The European Corn Borer Situation in Wisconsin. E. L. Cham- 
bers, Madison, Wisconsin. : 

12. Recent Developments in Regard to the Alfalfa Weevil. L. M. 
Gates, Lincoln, Nebraska. 

13. The Cooperation of the Kansas Port of Entry Officials in the 
Enforcement of Regulatory Measures. George A. Dean, Manhattan, 
Kansas. 
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14. Report of the National Plant Board. W. C. O’Kane, Chairman, 


Durham, New Hampshire. 
15. Reports of the Regional Boards: 
The Eastern Plant Board. E. N. Cory, Secretary, College Park, 
Md. 
The Central Plant Board. P. T. Ulman, Indianapolis, Indiana. 
The Southern Plant Board, J. H. Montgomery, Secretary, Gaines- 
ville, Florida. 
The Western Plant Quarantine Board. A. C. Fleury, Secretary- 
Treasurer, Sacramento, California. 
16. Report of the Resolution Committee. 
17. Report of the Nominating Committee. 
18. Selection of Officers. 
19. Adjournment. 


Program 
Monday, December 30, 12:00 Noon Gold Room 


AMERICAN ASSOCIATION OF EcoNoMIC ENTOMOLOGISTS 
Annual Address of the President, L. A. Strong, Washington, D. C. 
1. Stabilizing Entomology. 
This will be a joint session with the Entomological Society of America. 


Program 


Monday Afternoon Session, December 30, 2:30 P. M. Crystal Room 


SECTION OF APICULTURE 
Georce H. Rea, Chairman W. A. Price, Secretary 


Appointment of Committees on Resolutions and Nominations. 


Address of the Chairman, George H. Rea, Ithaca, N. Y. ““Fundamental 
Principles and Practices in Extension Apiculture’’. 
1. Honey Flow from Palmetto in Louisiana. E. Oertel, Washington, 
aC. 
2. Relation of Size of Brood Cell to the Size and Variability of the 
Honeybee. Ray A. Grout, Ames, Iowa. 
A biometrical study of bees reared in cells of three different sizes. 
3. The Value of Foods other than Pollen in the Nutrition of the 
Honeybee. Mykola Haydak, St. Paul, Minnesota. 
4. Further Observations on Airplane Dusting and its Relation to 
Beekeeping. J. E. Eckert and H. W. Allinger, Davis, California. 
The results of two years’ experience with airplane dusting using heavy dosages of 
calcium arsenate on tomatoes in the vicinity of Davis, California, and the re- 


sulting apprehension of the general public and home owners as well as of cattle- 
men, dairymen and beekeepers. 
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5. Losses to Beekeepers in Texas as a result of Poisoning Cotton 
for Insect Control. F. L. Thomas and H. B. Parks, College Station, 
Texas. 

6. Observations on the Preparation, Shipment and Installation of 
Package Bees. J. E. Eckert, Davis, California. 

Observations of package bees in transit from California to Canadian points were 
made to learn the reaction of the bees to environmental conditions. 

7. Testing for Resistance to American Foulbrood. O. W. Park, 
Ames, Iowa. 

Report on tests made on 31 colonies representing various strains from three races 
of bees. 

8. Inspection Records, F. B. Paddock, Ames, Iowa. 

An analysis of inspection records shows the trends of influences on the spread and 
presence of disease. Practices are usually considered responsible for the continua- 
tion of disease and available records tend to show that facts bear out this theory. 

9. Relation Between Apiary Inspection and Control of American 
Foulbrood. F. L. Thomas and C. E. Heard, College Station, Texas. 


10. Laboratory and Field Tests of the Chlorine Treatment of Honey 
Combs. John D. Hitchcock, St. Paul, Minnesota. 


11. The Wisconsin Occupational Bee Tax. E. L. Chambers, Madison, 
Wisconsin. 

12. Structuai Differences in the Wax Moths. W. T. Hays, Urbana, 
Ill. 
Reports of Committees. 
Selection of Officers. 
Closing Business. 

Program 


Monday Evening Session, December 30, 7:30 P. M. Crystal Room 
SECTION OF EXTENSION ENTOMOLOGY 
E. G. KeEtty, Chatrman GeorGE D. Jones, Secretary 


Appointment of Committees on Nomination and Resolutions. 

1. How to Reach County Extension Agents with Entomological 
Information. (10 min.) Sam C. McCampbell, Fort Collins, Colorado. 

2. The Organization and Function of County and Community 
Entomological Committees. (10 min.) E. G. Kelly, Manhattan, Kans. 

3. Organizing for Livestock Pest Control. (10 min.) C. B. Dibble, 
East Lansing, Mich. 

4. An Entomology Program for 4-H Club Camps. (5 min.) O. S. 
Bare, Lincoln, Neb. 

5. Cricket Control in Washington. (5 min.) Irwin W. Bailes, Pull- 
man, Wash. 

6. Fighting the Mormon Cricket. (5 min.) Claude Wakeland, Dept. 
of Ent., Moscow, Idaho. 
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7. Fighting the Chinch Bug in Iowa. (10 min.) A. D. Worthington 
and G. C. Decker, Ames, Iowa. 

8. The Farmer’s Grasshopper Control Program. (9 min.) F. D. 
Butcher, Fargo. N. D. 

9. Fighting the Codling Moth. (5 min.) George D. Jones, Columbia, 
Mo. 

10. Getting Insect and Disease Information to the Illinois-Indiana 
Orchardist. (5 min.) W. P. Flint, Urbana, III. 

11. Chalk Talks in Extension Entomology. (9 min.) R. R. Reppert, 
College Station, Texas. 

12. Fighting the Boll Weevil in Oklahoma. (5 min.) C. F. Stiles, 
Stillwater, Okla. 

13. Summary of Activities in Extension Entomology. (5 min.) M. P. 
Jones, Washington, D.C. 

14. Summary of Extension Methods. (15 min.) A. B. Graham, Wash- 
ington, D.C. 


Report of Committees. 
Selection of Officers. 


Adjournment. 


Program 


Monday Evening, December 30, 8:00 P. M. Gold Room 


MEETING OF EXBCUTIVB COMMITTEE 

At this meeting will be presented all committee reports, except those 
scheduled for the final business session. 

Report of the Representative to the National Research Council, by S. A. 
Rohwer, Washington, [. C. 

Report of the Governors of the Crop Protection Institute, by W. C 
O’Kane, Durham, N. H. 

Report of Scientific Trustee, Tropical Plant Research Foundation, by 
Herbert Osborn, Columbus, Ohio. 

Report of the Representative on the Council of the Union of Biological 
Societies, by C. R. Crosby, Ithaca, N. Y. 

Report of the Committee on Nomenclature, by J. A. Hyslop, Washing- 
ton, D. C. 

Report of Board of Trustees for Permanent Fund, by A. I. Bourne, 
Amherst, Mass. 

Report of Joint Committee on Insect Collections, by T. H. Frison, 
Urbana, II]. 

Report of the Committee to Formulate Plans for Investigation of the 
Codling Moth from Biologic and Control Standpoints, by B. A. 
Porter, Washington, D. C. 

Report of the Committee on Research Work on the Control of the 
European Corn Borer, by George A. Dean, Manhattan, Kansas. 
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Report of the Committee on Training of Entomologists, by C. J. Drake, 
Ames, lowa. 

Report of the Committee on Advancement of Official Entomology, by E. 
F. Phillips, Ithaca, N. Y. 

Report of the Committee on Popular Entomological Education, by J. A. 
Hyslop, Washington, D. C. 

Report of the Committee on Insecticides, by Charles M. Smith, Wash- 
ington, D. C. 

Report of the Editorial Board on the Index of American Economic 
Entomology, by E. P. Felt, Stamford, Conn 

Report of Program Committee, by J. G. Sanders, Philadelphia, Pa 


Program 


Tuesday Morning Session, December 31, 9:00 A. M. Gold Room 


AMERICAN ASSOCIATION OF EcCoNomMiIc ENTOMOLOGISTS 

Report of Secretary. 

Report of Executive Committee, by President Strong 

Report of Delegate to International Congress of Entomology at Madrid, 
by O. A. Johannsen, Ithaca, N. Y. 

Report of Delegates Appointed by the President to other Entomological 
Meetings of the Year. 

Report of Special Committee on Proposed Amendments to Constitu- 
tion, by P. W. Claassen, Ithaca, N. Y. 

Proposed amendments are as follows: 

Article 2, Section 2, in the first sentence strike out the word ‘‘asso- 
ciate’”’ so that it shall read, ‘““‘The classes of membership shall be 
active and foreign’’. 

Article 2, Section 3, which defines associate membership shall be deleted. 

Article 2, Section 4, shall become Section 3 without change. 

Article 2, Section 5, shall become Section 4 and the words ‘‘associate 
and”’ be dropped so that it shall read ‘‘Foreign members shall not be 
entitled to hold office or to vote’’. 

Article 2, Section 6, shall become Section 5 without change. 

Article 2, Section 7, shall become Section 6, and the next to the last word 
‘“‘other’’ shall be changed to “‘active’’. 

Article 2, Section 8, shall become Section 7 without change 

Proposed amendments to by-laws: 

That Article II, Section 4 be amended to read as follows: ‘Section 4. 
The Publication of the Journal of Economic Entamology shall be 
entrusted to an Editor, an Associate Editor and a Business Manager, 
to be known as the Editorial Board, nominated by an Advisory 
Committee of ten members, which latter shall be elected for terms of 
five years so arranged that two shall be elected annually. The mem- 
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bers of this Committee shall have an advisory relation to the above 
constituted Editorial Board.”’ 


That Article III, Section 1 be amended to read as follows: ‘‘Section 1. 
The annual dues of members shall be two dollars, which shall be 
payable in advance. No dues shall be payable from foreign members. 
Annual dues shall not include subscription to the Journal of Economic 
Entomology’”’. 


READING OF PAPERS 


Invitation Paper. The Purpose and Accomplishments of the Crop 
Protection Institute. W. C. O’Kane, Durham, N. H. 

2. Golofa as a Major Pest of Sugar Cane. (15 min.) E. Graywood 
Smyth, Trujillo, Peru. 

3. Progress in Dutch Elm Disease Eradication. (15 min.) L. H. 
Worthley, White Plains, N. Y. 

Accomplishments during the past year in the location and eradication of trees 
infected with the Dutch elm disease and the destruction of dead and dying elms 
that are potential infection centers or possible breeding places for the insect 
vectors of the disease. 

4. Status of Japanese Beetle Investigations. (20 min.) C. H. Hadley, 


Moorestown, N. J. 

This paper reviews the investigations now in progress at the Japanese Beetle 
Laboratory of the Bureau of Entomology and Plant Quarantine, United States 
Department of Agriculture. A brief discussion is presented of the more important 
lines of investigation relating to the biology and control of the Japanese beetle 
and the introduction of its imported parasites. Reference is made to the develop- 
ment of the insect in the older area of infestation, new or improved procedures 
for the elimination of infestation from nursery shipments, the protection of host 
plants and fruit from beetle attack, the protection of turf from larval injury, 
and the progress of parasite distribution. 


5. Some Periodical Cicada Problems for 1936. (10 min.) J. A. Hyslop, 
Washington, D. C. 

Proposing a number of experiments that will solve some as yet unanswered ques- 
tions relative to the habits of this insect. 

6. Organization of Applied Entomology in Oklahoma. (10 min.) F. 
A. Fenton, Stillwater, Okla. 

The paper covers the general activities of the Department of Entomology at 
Oklahoma A. & M. College, Stillwater, Okla. The work of the department in- 
cludes teaching, extension, research and service. A discussion is given of the 
teaching work, listing the courses, and giving a brief description of some of them. 
The advantages of having the department located in the School of Agriculture 
in close connection with the extension and research activities are discussed. 
Mention is made of the entomology contest held at Stillwater in connection 
with the interscholastic meet. A discussion of the extension activities on ento- 
mology in the state will be presented. Particular activities mentioned are boll 
weevil control, rodent control and pest surveys and demonstrations. Concerning 
research the active projects which the department is supervising are mentioned 
such as insect transmission of animal diseases, boll weevil control, chinch bug 
control, sulphur and other insecticide investigations. The service work of the 
department with reference to pest control on the campus is cited with a special 
emphasis on house fly control. A brief description of the department facilities for 
teaching and research is given. 
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7. Aids in Teaching Economic Entomology to Undergraduate 
College Students. (15 min.) (Lantern) David Dunavan, Clemson, S. C. 


The writer believes that the first step for the student in entomology is to become 
familiar with insects through actual study of living specimens or through free 
use of properly prepared preserved specimens. The college course in Entomology 
is in danger of becoming a mere memory course without the use of definite aids 
in teaching methods. Pinned insects for class use may be effectively used in 
special small trays. Specially prepared synopses of families are valuable for 
supplementary use of beginning students. A few specimens displayed in natural 
or life-like positions are essential. Several suggestions are made for laboratory 
and class study of specimens in liquid preservatives by use of Marx trays, clip 
board, etc. The function and usefulness of minor research problems for under- 
graduate students in Economic Entomology is stressed. 

8. The Nature and Causes of Oscillations in Population Densities 
of Insects. (15 min.) Harry S. Smith, Riverside, Cal. 

A theoretical discussion based partly on mathematical analysis and partly on 
general observation and illustrated graphically. An attempt is made to show 
how potential reproductive capacity and density-dependent and density- 
independent mortality affect both the average population level and the ampli- 
tude of oscillations in population density. The idea is advanced that, in a broad 
way, average population levels do not change with time; and that, therefore, 
those environmental factors, the effect of which is dependent upon time, may 
not be capable of affecting the average population level. The reproductive rate, 
the developmental rate, the frequency of generations, etc., fall in this category. 
Oscillations in density are, on the contrary, dependent upon the time element, 
and the amplitude of these is therefore strongly influenced by the factors men- 
tioned. 

9. Further Preliminary Insect Surveys of Michigan Trout Streams. 
(5 min.) W. F. Morofsky, Lansing, Mich. 

A quantitative study of the insects found in several Michigan trout streams by 
various methods of sampling on representative bottom types in connection 
with improved and unimproved streams. 

10. A Seasonal Sequence of Mosquitoes. (5 min.) Wim. R. Horsfall, 

Monticello, Ark. 

The data presented deal with the seasonal sequence of mosquitoes in upland and 
bottom land areas in southeastern Arkansas for the year 1935. In a measure the 
species found in the two environments overlap, but some interesting variations 
occur. The results of the observations indicate that in the uplands the sequence 
of species of economic importance is in the following order. In early spring 
Aedes canadensis and Aedes trisertatus are annoying in the woods. Aedes vexans 
in association with Culex territans follow A. canadensis in late spring. Through- 
out the summer and early fall Culex quinquefasciatus, Anopheles punctipennis, 
Anopheles quadrimaculatus, and Psorophora columbiae produce several broods. 
In the bottom land along the rivers are to be found in addition to the species 
mentioned above several species of Psorophora which are annoying. The more 
notorious are P. varipes and P. posticata which occur in the woods in swarms 
during the latter part of May and early June. 

11. The Distinctive Characters of Mite Injury and of a Suspected 
Virus Disease on Saintpaulia and Methods for their Control. (10 min.) 
(Lantern) Floyd F. Smith, Beltsville, Md. 

The cyclamen mite, Tarsonemus pallidus Banks, is general in greenhouses and is a 
major pest of African violet, Saintpaulia tonantha. Mite feeding causes mal- 
formation of young leaves and flowers and, finally, suppression of new growth 
which renders the plants unsalable. Also, an apparently undescribed malady, 
having characteristics of a virus disease but whose nature has not yet been 
determined, apparently spreads in the greenhouse, appears in vegetative prop- 
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agations from affected plants, and causes symptoms of stunting and flower 
suppression that are confused with mite injury. However, mite injured leaves 
have dense whitish pubescense while that on the hard brittle leaves of ‘‘stunted’”’ 
plants is suppressed. Another abnormality of undetermined cause is that of 
yellow ring spots of various patterns appearing on the leaves of all commercial 
stocks of saintpaulia’s that are exposed to intense sunlight. These symptoms are 
masked on new growth if properly shaded. Shaaing is the only commercial 
method used in preventing this abnormality. 

The cyclamen mite is controlled by immersing plants for 15 minutes in water at 
110°F. or 20 minutes at 108°F., and by isolation to prevent reinfestation. 
Higher water temperatures or longer exposures injure saintpaulias. The stunt 
disease is checked in commercial houses by discarding affected plants and select- 
ing healthy propagation stock. 

12. Progress report of Experiments on the Control of the Bulb Mite 
on Tuberose by Means of Heat Treatment. (10 min.) C. A. Weigel and 
R. H. Nelson, Beltsville, Md. 

The tests herein reported were undertaken in cooperation with Dr. R. W. Leiby 
of the North Carolina Department of Agriculture to determine the value of hot 
water, and vapor heat treatments applied to the dormant bulbs of tuberose, 
Polianthes tuberosa Linn., as a control for the bulb mite, Rhyzoglyphus hya- 
cintht Boisd., and also the effect of these treatments upon the subsequent 
growth. This mite attacks the bulbs especially when they are improperly cured 
and stored, and is apparently always found in association with decayed tissue. 
There is urgent need for developing an effective treatment so that tuberose 
growers may clean up their planting stocks and also to comply with certain 
inspection requirements. 

The results to date indicate that immersion of infested bulbs in hot water at 110°F. 
for a period of one hour or subjecting them to the vapor heat treatment for one 
hour at 114°F. produces complete mortality of the mite. 

For the tolerance tests, lots of size No. 2 tubers in three series were treated at 
temperatures ranging from 110° to 124° F. in hot water for periods of one-half 
hour and one hour, respectively, and with vapor heat for one hour. The results 
indicate that dormant tuberose bulbs are very tolerant to heat treatments, 
since there was no very evident difference in growth and blooming between the 
untreated checks and the treated lots. 

13. The Cigarette Beetle (Lasioderma serricorne) as a Household 

Pest. (15 min.) E. A. Back, Washington, D. C. 


Program 


Tuesday Afternoon Session, December 31, 2:00 P. M. Gold Room 


AMERICAN ASSOCIATION OF EcoNomMIC ENTOMOLOGISTS 


INVITATION PAPER 
Present Accomplishments of and Future Possibilities for Entomologists 
in Commercial Work. J. G. Sanders, Philadelphia, Pa. 


READING OF PAPERS 
Section A 
Insects ATTACKING ORCHARD AND SMALL FRUITS 
14. A Brood Study of the Codling Moth Covering One Decade. (15 
min.) (Lantern) Thomas J. Headlee, New Brunswick, N. J. 


Impracticability of timing sprays for codling moth by stage of tree development 
definitely shown. Thermal constant is a reasonably adequate indicator of time 
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of treatment. In heavy infestations there appears to be an early fringe which 
emerges considerably earlier than the bulk of the first brood and this fringe 
usually requires the beginning of treatment earlier than would normally be the 
case. 

15. What is Happening to the Codling Moth? (5 min.) Leonard 

Haseman, Columbia, Mo. 

At the beginning of the present century the State of Missouri ranked first in the 
number of bearing apple trees and for a score of years earlier it was known as the 
home of the Big Red Apple. However, it was not until the late twenties that the 
codling moth became a serious problem in the state. For the past 8 or 10 years 
the pest has been on the increase, apparently reaching a peak of abundance in 
1933. During this period Missouri has had abnormal weather, especially as 
regards average rainfall, and at the heights of the heat and drought period of 
1934 soil moisture and the water table had been lowered to previously unknown 
depths. Seemingly, as in irrigated apple growing regions, the reduced rainfall 
in recent years was one of the factors which aided the pest in building up its 
ranks to the point where even greatly increased effort at spray control was 
entirely inéffective. However, beginning with the period of excessive heat in the 
summer of 1934, when temperatures in the state rose to some 113°F., and for 
days in succession stood above 110°F., the codling moth started on the decline. 
This year most Missouri growers have been able to reduce worm injury to 
about what it was prior to the beginning of the recent serious outbreak. Does 
this mean that the codling moth is again definitely on the decline in this part 
of the country and that in the future we may expect it to respond to favorable 
and unfavorable weather conditions much the same as do other insect scourges? 


16. Substitutes for Arsenate of Lead as Spray Materials for Codling 
Moth. (5 min.) C. G. Vinson and L. Haseman, Columbia, Mo. 


In the growing season of 1934, a spray material consisting of a calcium and iron 
arsenates was used. Of fruit sprayed with this combination, 14.7 per cent were 
stung or wormy. Lloyd’s alkaloidal reagent with nicotine sulfate was also used 
as a spray material in 1934. Of fruits sprayed with this material, 18 per cent 
were stung or wormy. Of fruits sprayed with standard lead arsenate, 9 to 15 
per cent were wormy. 

In 1935, of fruits sprayed with the calcium and iron arsenates, 34 per cent were 
stung or wormy. Fruit sprayed with this same combination with a sticker added, 


showed a percentage of stung and wormy 14.4 per cent. 
In 1935, fruit spraved with nicotine Joyd's reagent showed 
stung and wormy fruit of 28.3 per cent. Fruit sprayed with nicotine—Lloyd’s 


a percentage of 


reagent combination plus Sticker A, showed a percentage of stung and wormy 
fruit of 15.9. 
Fruit sprayed with a combination of nicotit nd Lloyd’ t plus Sticker B 
showed a percentage of stung and w vy fruit of 16 ‘ruit spraved under 
comparable conditions with standard lead : ni showed percentage of 


stung and ny fruit of 16.7. 

17. The Influence of Artificial [lumination and Other Factors on the 
Population and Distribution of the Codling Moth. (10 min.) (Lantern) 
D. L. Collins and William Machado, Geneva, N. Y 

A disct 

been subjected to the influence of artificial illuminatior 


raps, and the possible influence which | been exert 


ssion of the status of a codling moth population w 


t 
the moths by this and other factors. 


18. Variations in Codling Moth Injury in Northwestern Arkansas 
(5 min.) Dwight Isely and H. H. Schwardt, Fayetteville, Ark. 

The codling moth problem in northwestern Arkansas has varied greatly in severity 
from 1918 to 1935. During some of these years tl has yielded readily to 
remedial measures, while in others it has approached being uncontrollable. In 
general codling moth injury appeared to increase in severity until 1932 or 1933, 
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while during the season just passed, 1935, it was not heavier than that of the 
mildest seasons, 1919 and 1922. Experimental data accumulated during the 
period under consideration are summarized in an accompanying table. The 
factors which may have affected the problem are also briefly discussed. 


19. Progress Report on a Large Scale Test of Orchard Sanitation for 
Control of the Codling Moth. (8 min.) L. F. Steiner and A. J. Acker- 
man, Vincennes, Ind. 

Sanitary measures which involved a thorough ground clean-up, removal of all 
rough bark and split branches and the use of chemically treated bands were 
applied to half of a 31 year 40-acre orchard in southern Indiana during 1934 and 

Both areas were sprayed alike by the grower. Varieties consisted of Ben Davis and 
Collins. The average number of worm entrances per 100 apples in 1934 was 149 
in the uncleaned and 86.4, or 42 per cent less, in the cleaned area. In 1935, worm 
entrances averaged 74.2 per 100 apples in the uncleaned and 31.8 in the adjacent 
cleaned section; an apparent reduction of approximately 57 per cent. Combined 
stings and worms averaged 61 per cent less in the cleaned area. However, the 
reduction in injuries per fruit was accentuated by a difference in size of crops, 
traceable in part to the effects of attack by the apple flea weevil, Orchestes 
pallicornis Say, on the set of fruit. The cleaned area produced 50 per cent more 
fruit in 1935. 

20. A New Method of Codling Moth Control in Theory and Practise. 

(8 min.) G. Edw. Marshall, Orleans, Ind. 

The results of two years’ work using a combination of lead arsenate, summer oil 
and soap or other spreader has resulted in reducing the cocling moth infestation 
from 95 per cent to less than 1.36 per cent in one year’s time. To accomplish this 
the following points have been found important: 

1. A careful study of soaps or other spreaders and stickers to find the correct 
amounts to use with the water at hand, and also the oil or fungicide included. 
. Utter disregard of timing sprays. 
. The use of as much as 50 gallons per tree per application. 
. Shortening of the interval between sprays. 
. First application earlier. 
. Method of application. 
. Early discontinuation of applications. 
. Foliage injury. 

21. Summary of Six Years’ Field Tests in Codling Moth Control in 
Michigan. (5 min.) Franklin Sherman, III, East Lansing, Mich. 

This report summarizes tests of insecticides in eight orchards. These orchards are 
located in the principal apple producing regions of Southwestern and South- 
eastern Michigan and are in localities where the codling moth has produced 
serious injuries. 

Objectives: ; 

1. To conduct yearly demonstrations of careful spraying with lead arsenate. 

2. To test substitutes for arsenate of lead, which has seemed necessary follow- 
ing residue restrictions. fly. 

3. To test some insecticides which have shown promise for controlling cod- 
ling moth. - 

4. To more closely co-ordinate entire spraying program with life habits of the 
codling moth. ; 

5. To test and observe value of supplementary control measures as aids to spray- 
ing program. ‘use 
Each of these five objectives is discussed briefly and the results and conclusions 

summarized. 

22. The Effect of Orchard Practices on Codling Moth and Apple Leaf 
Hopper Parasitism. (5 min.) B. G. Driggers, New Brunswick, N. J. 
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23. A New and Effective Control for the Apple Flea Weevil, Orchestes 
pallicornis Say. (5 min.) (Lantern) J. S. Houser and R. B. Neiswander, 
Wooster, Ohio. 

Within recent years, the apple flea weevil has become a pest of major importance 
in many Ohio orchards. Clean cultivation is an effective control. On many 
farms, this is not practicable or possible; hence, the demand for a satisfactory 
spraying program. When two applications of barium fluosilicate or of natural 
cryolite combined with flotation sulfur and a waste sulphite spreader was sub- 
stituted for standard lime-sulfur in the pre-pink and pink periods, not only was 
the insect controlled but the fruit was protected from apple scab as well. Proper 
spraying technique is essential to success. 

An attempt to utilize blast burner machines for destroying the hibernating weevils 
yielded unsatisfactory control. 

24. The Ovicidal and Scalicidal Properties of Solutions of Dinitro-o- 
cyclohexylphenol in petroleum Oil. (8 min.) (Lantern) J. Franklin Kagy, 
Ames, Iowa. 

Solutions of dinitro-o-cyclohexylphenol in petroleum oil of the lubricating type 

have shown rather unusual promise as contact insecticides for the control of 

insects during the dormant period. This paper pertains to a laboratory investiga- 
tion on the toxicity of ammonium caseinate emulsions containing this compound, 
to eggs of Lygaeus kalmit Stal and to the San Jose scale. Lethal concentrations 
have been established with respect to the amount of compound dissolved in the 
oil phase of the emulsions and the concentrations of petroleum oil plus the 
compound in the diluted sprays. The toxicity of the mixtures to the eggs and 
scale are represented by curves. Because of the high toxicity of the dinitro com- 
pound in petroleum oil, only a relatively small concentration of oil is necessary 
to carry an effective concentration. 

25. Orchard Trials of Dinitro Ortho Cyclo Hexyl Phenol in Oil for 


the Control of the Rosy Apple Aphis and San Jose Scale. (8 min.) 
(Lantern) W. C. Dutton, East Lansing, Michigan. 

Dinitro ortho cyclo hexyl phenol in lubricating oil has been used as a dormant 
spray on apples for the control of rosy aphis and San Jose scale. A casein emul- 
sion containing 3 per cent of D. N. O. C. H. P. used at the rate of 3.3 per cent of 
the emulsion in the dilute spray has given excellent control of both these insects. 
A miscible oil type of preparation and a ‘‘tank-mixture’’ with blood albumen 
emulsifier have given equally good control. 

Less extensive trials indicate the effectiveness of these sprays against the black 
cherry aphis. 

26. The Apple Curculio in Wisconsin. (8 min.) Paul O. Ritcher, 

Madison, Wisc. 

The apple curculio, Tachypterellus quadrigibbus (Say) has caused an increased 
amount of damage to apples in western Wisconsin orchards. Observations on 
the biology and attempted control of this pest are reported. 

Lead arsenate, 3 pounds to 50 gallons of water, plus dried milk, was applied at 
the time of new generation feeding in 1934 to a 10 acre block of Ben Davis. 
Feeding was reduced due in part to repellence. Much less injury occurred the 
following year. This procedure built up excessive residues. 

Replicated plots of various arsenicals and contact insecticides were established at 
the time of spring injury in 1935. Analysis of variance shows that little signifi- 
cance can be attributed to the results. 

Laboratory tests showed that the apple curculio is repelled by arsenicals. The 
application of a good repellent at the critical spring period should greatly re- 
duce curculio damage. 

Apple fruits were found to produce large curculios while Crataegus, most abundant 
wild host, produced small individuals. Cross over between hosts is small since 
curculios have feeding and egg laying preferences for the hosts on which they 
occur. Thus, removal of wild hosts would be of little value. 
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27. Liquid Applications for the Control of the Peach Borer and Lesser 
Peach Borer. (10 min.) (Lantern) S. C. Chandler, Carbondale, Ill. 

Paradichlorobenzene dissolved in various oils and Isopentane chloride alone gave 
kill of Peach Borer larvae comparable to crystaline P.D.B. Scalecide alone and 
with weak P. D. B. both according to manufacturers’ directions gave very low 
kill. Paradichlorobenzene dissolved in Dendrol and diluted so one pint con- 
tained 2 oz., gave very satisfactory kill of Lesser Peach Borer when painted on 
the affected areas. No injury has resulted in these treatments. 


28. Relation of Time of Day, Temperature, and Evaporation to the 
Attractiveness of Fermenting Sugar Solution to the Mexican Fruit Fly 
in the Field, as Indicated by Correlation Studies. (15 min.) M. McPhail, 
Mexico, D. F. 

To study the relations multiple linear correlation method was employed. It was 
found that time of day, temperature and evaporation rate account for 61.3 per 
cent of the variance in the number of males attracted and 66.6 per cent in the 
case of females. 

To test the adequacy of the linear estimates Ezekiel’s method of multiple Cur- 
vilinear correlation was applied. It was shown that there was no statistical 
evidence in favor of curves for females. Curves, however, fit the male data some 
better, accounting for 68.1 per cent of the variance. 

To study the difference in the response of the sexes, the separate effect of each of 
the factors on males and on females was calculated. Part correlation coefficients 
were employed. For males the order of importance was (1) temperature, (2) 
time of day, (3) evaporation; and for females it was (1) temperature, (2) 
evaporation, (3) time of day. 


29. Influence of Certain Factors on Oviposition Responses of the 
Cherry Case Bearer (Coleophora pruniella Clem.). (8 min.) John H. 
Lilly, Madison, Wisc. 


Data collected over a period of three years show marked variations in the average 
numbers of case bearer eggs laid per leaf on trees treated with different fungici- 
dal spray programs and those in different vegetative states. Plots sprayed with 
Bordeaux mixture had fewer eggs per leaf than did those treated with either 
lime sulphur or flotation sulphur. Since unsprayed check trees had the highest 
average numbers of eggs per leaf, the differences between Bordeaux-sprayed and 
sulphur-sprayed plots may be due to different degrees of repellency by the two 
types of fungicides. 

Trees making the best growth (young, fertilized with nitrogen, and heavily 
pruned) averaged more eggs per leaf than did less vegetative hosts. The num- 
bers of eggs laid per leaf were not consistently altered by the presence of an 
adjacent light trap in 1935. Heavily infested leaves turn yellow and fall when the 
young larvae hatch and start feeding both on cherries and some varieties of 
apples. 

It is concluded that the oviposition responses of this moth are greatly modified 
by the presence of spray residues on, and the vegetative condition of, available 
host trees. 

30. The Effect of Thrips on Pollination and Blossom Blight in Straw- 

berries. (5 min.) M. D. Farrar, Urbana, Ill. 

Three years’ data on a study of thrips populations correlated with the pollination 
and the blighting of the bloom of strawberry (Fragaria) indicate that thrips 
(about 98% Frankliniella tritici) play only a minor role in this condition. On the 
first, and to a high degree on the second group of flowers borne by the plant, 
both pollination and fruit development proceeded normally throughout the 
season. Blighting was confined largely to the third and fourth groups of flowers 
borne. The numbers of thrips per bloom increased from none to 40 thrips per 
bloom late in the season. A high thrips population had little effect on strong 
blooms while the weaker flowers blighted irrespective of the thrips population. 
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31. 1935 Notes on Baits for the Oriental Fruit Moth. (5 min.) S. W. 
Frost, Arendtsville, Pa. 
A brief summary of new attrahents tried during 1935. 


Section B, Crystal Room 


Insects AFFECTING FIELD, CEREAL AND FORAGE Crops 


32. Resistance of Certain Corn Hybrids to Attack of Southern Corn 
Rootworm, Diabrotica duodecimpunctata Fab. (10 min.) (Lantern) 
J. H. Bigger, J. R. Holbert, W. P. Flint, A. L. Lang, Jacksonville, Ill. 


Differences in resistance to lodging of corn varieties and hybrids following attack 
by southern corn rootworm were first noted by the authors in 1928, a year of 
general and severe damage by this insect. A similar outbreak in central Illinois 
during 1935 gave an opportunity for more extensive study of differential recov- 
ery. 

Rootworm damage develops primarily through pruning of roots and secondarily 
through the development of root rots following root pruning. Inbreds, hybrids 
and varieties differ in time required, following pruning by rootworms, for grow- 
ing, and the extent of, new root systems. Furthermore, recovery is influenced by 
the differential capacity of the plants to resist subsequent root rots. Those 
strains which quickly reestablished their root systems and resisted root rots 
have been observed to have had a minimum retardation in growth and little 
increased lodging. Such strains have been designated as rootworm-resistant. 

Inbreds not only differ widely in their rootworm resistance as inbreds but also in 
their capacity to. influence rootworm resistance in hybrid combinations. In 
general, good hybrids have been decidedly more rootworm-resistant than open- 
pollinated varieties. 

Amount of lodging and pounds required to uproot plants of both rootworm- 
resistant and rootworm-susceptible strains are influenced by soil treatment and 
soil management practices and also by infestation levels. 


33. Some results of European Corn Borer Research in 1935. (5 min.) 
W. A. Baker, Toledo, Ohio. 


Corn borer distribution in the United States increased slightly during 1934 and 
1935. General population increases, in 1935 over 1934 were shown, although 
the mean levels of infestation remained below previous high peaks, in older in- 
fested districts. Crop losses were recorded in localities of high borer concentra- 
tion. Of parasites tested, two exotic species showed effective host reductions 
contiguous to the oldest colonization points and they are being generally dis- 
tributed. Experiments are in progress with inbred varieties to determine the 
characters associated with borer resistance both in field and sweet corn. De- 
layed tassel eclosion in field corn resulted in reduced borer survival. Late plant- 
ing reduced borer populations but appeared more effective for sweet than for 
field corn. Borer per plant damage rates are shown for field and sweet corn 
production. Higher damage rates accompanied later planting. Spray prepara- 
tions of fixed nicotine and ground crude derris root, when properly applied with 
suitable spreaders, protected a high percentage of sweet corn ears from borer 
infestation. A dual fixed nicotine, applied in dust form, provided effective con- 
trol. Tests of a picker-chopper combine machine showed approximately 95 
per cent destruction of borers. ; 

34. Notes on the Relative Resistance of Selected Strains of Corn 

to the European Corn Borer. (15 min.) G. A. Ficht, Lafayette, Ind. 

This paper deals with studies of the comparative resistance of strains of corn to the 
European corn borer. Selected hybrid strains have been largely used over a four 
year period and checked by open-pollinated varieties. The comparative rates 
of oviposition, infestation and population are given and the larval survival 
factor stressed as expressive of comparative varietal resistance. 
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35. Three Factors Affecting the Laboratory Rearing of European 
Corn Borer Larvae. (5 min.) Ralph Mathes, Toledo, Ohio. 

Experiments were conducted to develop a satisfactory laboratory technique for 
rearing Pyrausta nubilalis larvae to be used as hosts in producing parasites. 
Tests were made on kinds of food, crowding of borers in rearing trays and air 
circulation in rearing trays. Results of these tests are as follows: A food combina- 
tion consisting of cut green string beans (l-inch sections) followed by green 
peas in the pod with cut ends, resulted in a healthy larval development and a 
low mortality. The effect of crowding in a rearing tray was to decrease the size 
of the borers when the number of larvae in the tray utilized was increased 
beyond 100 and to increase the mortality as the number of larvae was raised 
from 200 per tray to 300 or 400. Air circulation maintained in those trays with 
solid tops and screen bottoms, and those with screen tops and screen bottoms 
by subjection to air currents produced by an electric fan operating 8 hours a 
day beginning with the fifth day, proved most satisfactory. Less air movement 
resulted in molding and decomposition of food, while a greater circulation 
caused the food to become dry, hard, and unsuitable for growing larvae. 


36. Phyllophaga at Light. (10 min.) (Lantern) A. A. Granovsky, 


St. Paul, Minn. 

The automatically operated multiple type of light trap with hourly sampling of 
night catches has been in use for the period of four continuous years in Min- 
nesota. It is operated to facilitate the accumulation of quantitative data on the 
periodic fluctuations of insect populations especially of Phyllophaga. Correla- 
tions are being made between hourly catches and certain ecological factors 
governing not only the nocturnal catches, but also the seasonal population 
trends of several dominant species. Results show that Ph. fusca and Ph. rugosa 
are leading in the vicinity of St. Paul, while Ph. drakeit and Ph. anxia are the 
major species in the northern parts of the state. In most of the species that 
came to the lights, the males by far predominated the females but in unequal 
ratio. Many females caught in the light traps were gravid especially early in the 
season. The seasonal flight of various species differs considerably. 

The hourly catches show that the sexes of June beetles fly at different hours of the 
night. The females fly much earlier in the evening than the males. The optimum 
mean temperature for beetles’ flight is between 65° to 75° F., while at a mean 
temperature below 60° F. there is a considerable drop in daily catches of June 
beetles. 

The light trap can be of service in determining the numerical trend of insect 
populations annually, the geographic distribution of economically important 
species, seasonal occurrence and behavior under given ecological conditions. 

37. Vertical Migration of White Grubs. (10 min.) (Lantern) A. A. 

Granovsky and D. J. Pletsch, St. Paul, Minn. 

The vertical migration of white grubs and adult beetles has been traced by weekly 
diggings during the last three years including the winter months, correlating 
the upward and downward movements of the grubs with soil moisture and 
seasonal temperatures. If was found that in the heavy soil with clay—gravel 
subsoil—the grubs migrate down to 30 inches, majority overwintering between 
18 and 24 inches below the surface of the ground, while in the sandy soil they 
may go as far down as 62 inches, the average depth being between 30 and 36 
inches. 

The beginning and rate of downward migration of white grubs in the fall appar- 
ently depends on the amount of fall precipitation, the soil moisture and the 
attendant lowering of the soil temperature. The upward movement of the grubs 
in the spring begins near St. Paul about the first part of May and is likewise 
dependent upon the spring rains and the rising soil temperature. The spring 
ascent of the third year larvae usually remains at the depth below the plow 
line, where larvae feed for a few weeks before pupation. The adult beetles of 
Ph. fusca and Ph. rugosa in late fall commonly leave their pupal cells for more 
favorable situation at greater depths, while the adults of Ph. draket usually 
overwinter only a few inches below the surface. 
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38. A New Turntable Light Trap for Taking Insect Samples Over 
Regulated Periods of the Night. (5 min.) (Lantern) R. H. Nagel and 
A. A. Granovsky, St. Paul, Minn. 

Description is given of a new light trap extensively tried under field conditions for 
two years. The salient features of this light trap are the compactness, a series of 
collecting jars turnable and the automatically operating devices permitting a 
regulation of the sampling of nocturnal catches at desired periods. 

39. The Role of Light Traps in the Control of the Mushroom Spring- 
tail, Achorutes armatus, Nic. (5 min.) (Lantern) C. C. Compton, Urbana, 
Il. 

Springtails as a group, and A chorutes armatus Nic. in particular, are thought of as 

dark-loving insects. Investigations at the Urbana station show that this spring- 
tail is strongly positively phototropic. The suspension of a 100 Watt bulb over a 
ten inch, white dinner plate into which has been poured a thin layer of kerosene, 
forms an effective trap for use in commercial mushroom houses. Such traps 
placed 25 feet apart are effective in cleaning the mushroom springtail out of 
bottom beds where they frequently escape during the heating of the house. The 
traps are most effective before the casing soil is applied. 

40. Pupal Period of the Hessian Fly. (5 min.) H. H. Walkden, 
Manhattan, Kans. 

Results of observations on the influence of temperature on the pupal period of this 

insect. 

41. Hordeum pusillum and other Grasses of the Genus Hordeum as 
Hosts of the Hessian Fly. (5 min.) (Lantern) Elmer T. Jones, Man- 
hattan, Kans. 

Hordeum pusillum, a wild native grass is an important potential host of the hessian 

fly. Other species of Hordeum support infestation. 


42. Flooding as a Means of Reducing Wireworm Infestations. (10 
min.) (Lantern) M. C. Lane and E. W. Jones, Walla Walla, Wash. 


Studies on the control of wireworms in the Pacific Northwest have demonstrated 
that wireworms are definitely affected by the humidity of their soil habitat, and 
that either a deficiency or an excess of moisture in the soil makes life hazardous 
for them. This paper presents the results of recent studies with flooding as a 
means of reducing wireworm numbers when considered in conjunction with soil 
temperatures. Laboratory experiments with submerged wireworms in water 
alone showed that temperature is an important factor in the death of wire- 
worms. When soil was added to the water the wireworms were killed in about 
one-sixth the time required when water alone was used. Field tests with flooding 
have shown that 95 to 100 per cent of the wireworms in the soil can be killed 
within 1 week at a mean submerged soil temperature of 75° F. or above. In 
many sections of the Pacific Slope the temperatures during July and August 
are such that flooding operations against wireworms can be conducted prac- 
tically every year. Flooding as a means to reduce wireworm numbers offers 
practical possibilities under conditions where these soil temperatures can be 
maintained for several days during the year, and where the soil topography 
and water supply render the adoption of this method practicable. 

43. Observations on the Feeding Habits of Some Melanotus Larvae 

(Elateridae) (Smin.) H. R. Brysonand Fred S. Kruger, Manhattan, Kans. 


An experiment was conducted to determine the rapidity with which Melanotus 
larvae would disperse when introduced into the center of a plot in which were 
planted different food plants in replicated series. Excavations made to recover 
larvae at various intervals after introduction into the center of a plot 8 feet 
square, divided into 64 plats, revealed the fact that the majority of the larvae 
did not migrate horizontally more than a radius of two feet from the foci of 
introduction. Repeated introductions gave similar results. 
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44. The Relation of Soil Utilization to Wireworm Control. (15 min.) 
John H. Hawkins, Orono, Maine. 

The use of the soil can be so regulated that wireworm injuries to crops are kept at 
a minimum. It is well known that allowing fields to remain for a period of years 
in grass crops such as timothy and redtop is conducive to large populations of 
certain species of wireworms. Yet there is little indication that such practices 
always result in an increase in the numbers of wireworms. The present investiga- 
tion shows that there are certain types of soil in Maine which are rarely, or not 
at all, subject to increased wireworm populations even when crop practices are 
favorable for this increase. 

Data on the susceptibility of field crops to injury by wireworms are the basis of a 
table showing the limits of safety to the principal field crops of Maine. With this 
information as a general guide, taking of the wireworm population of a given 
area before planting a crop is essential in placing of crops where economic pro- 
duction is hkely. Data on wireworm populations are obtained by sifting the 
soil. The number, size, and distribution of soil samples necessary as a fair 
representation of a given area is an important question. Experience has shown 
that with a basic knowledge of the ecology and habits of wireworms a relatively 
small number of samples is sufficient for practical purposes in estimating the 
population. The number of wireworms and distribution of soil samples are shown 
in a table presenting the data for experimental plots maintained during 1935. 


45. A Study of Chinch Bug Populations in Ohio. (5 min.) F. B 
Whittington and L. L. Huber, Columbus and Wooster, Ohio. 

In the spring of 1935 there was every reason to believe that certain ecologica 
factors had permitted large numbers of chinch bugs to develop and pass the 
winter successfully. In order to determine the possibility of a serious outbreak in 
Ohio, population studies were made in 21 counties during April and May and in 
December, 1935. 

Analysis of samples of leaves and various species of grasses revealed a relatively 
large number of hibernating bugs in volunteer timothy. This grass, therefore, 
was used as a sampling medium throughout the State in an attempt to secure 
comparable results from all localities. To determine the number of bugs in 
timothy, 1/8 square foot was used as the sampling unit; eight of these composed 
the square foot sample for a given locality. Seven to 15 square feet of the grass 
were collected at random in each county. The relative abundance of volunteer 
timothy was also determined by counting the clumps in about 75 rods of road- 
side selected randomly in each county. 

The survey indicated the center of chinch bug population was in the north-central 
part of the State. Density of population decreased in all directions from the 
central, heavily populated area. 

46. Chinch Bug Flights. (5 min.) (Lantern) W. T. Emery, Manhat- 

tan, Kansas. 

Observations were made from March to October on the fiights of chinch bug 
Two pair of tanglefoot screens were set up, one between fields of sorghun 
stubble and winter wheat and the other in a sod field in Kansas. A total of 316 
chinch bugs were caught. The catch indicates four general movements. First, 
the flight during March and April from hibernation quarters, a second, a shift 
ing or redistribution during May and June, third, a summer flight of the new 
brood to other fields during July and August, and fourth, the fall movement to 
hibernation in September and October. The main flights usually covered two 
or three days. Temperature appears to be correlated with these flights. Field 
sampling indicates that the spring migrants accumulate near the margin of 
wheat fields. 


47. Observations on Winter Mortality of Chinch Bugs in lowa. (5 
min.) (Lantern) G. C. Decker and Floyd Andre, Ames, Iowa. 


By careful examination of 253 samples of bunch grass, collected in 47 lowa coun- 
ties during March, 1935, it was found that the percentage of mortality of the 
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chinch bugs hibernating in the grass varied from as low as 20 per cent in Clinton 
County to as high as 88 percent in Story and Dallas Counties. The areas of low, 
medium and high mortality were fairly well defined, but all attempts to show 
a relationship between the percentage of mortality and such weather records as: 
minimum temperature, mean monthly precipitation failed. The average depth 
of snow and the amount of protection afforded (insulation) by the grass or 
mulch cover are shown to be very important factors in influencing the per- 
centage of mortality. An apparent correlation between the amount of precipita- 
tion (as rain) occurring January 16 to 19, and percentage of dead bugs was ob- 
served. 

In general it was found that certain combinations of specific ecological conditions 
may be correlated with chinch bug mortality but that monthly means or other 
summarizations tend to conceal these relationships. 

Attraction of Cucumber Beetles (Diabrotica) to the Wild Gourd 
(Curcurbita foetidissima H. B. K.). (5 min.) (Lantern) J. C. Elmore and 
Roy E. Campbell, Alhambra, Cal. 

The discovery that cucumber beetles are strongly ~—- icted to crushed stems and 
leaves of the wild gourd (Cucurbita foetidissima . B. K.) suggested actual 
tests. Leaves, — fruit and roots were ground separately and exposed on 32 
plates in a squash field. Beetles were collected 3 times at hourly intervals on 
July 12 and 4 times on the 13th. 1500 D. trivittata, 786 D. soror, and 20 D. 
balteata were collected. Soror was attracted about equally to fruit and leaves, 
slightly less to roots and considerably les » stems. Trivittata was strongly 
attracted to stems, and much less to fruit, leaves, and roots. Balteata was mostly 
attracted to roots. On the second day the attractiveness of stems and leaves 
had decreased, while that of roots and fruit | id in reased An experiment in 
another locality with stems, leaves and fruit ground together attracted 221 
soror, 250 balteata and 14 trivittata to 8 baits in 2% h urs. A water extract of 
stems and leaves captured 1140 soror, 390 trivittata and 41 balteata in 6 pans. 
Japanese beetle traps were unsuccessful. Electrocuting traps, and Paris Green 
or Sodium fluosilicate added to the baits, were repellant. 


49. Studies on Cucumber Beetle Control in 1935. (5 min.) Geo. E 
Gould, Lafayette, Ind. 


The 1935 season was unusually favorable for insecticide tests as the beetles were 
abundant and rainfall excessive. The plot technique was oe to the small- 
sized plot to allow for a more complete analysis of data. The eleven different 
materials tested were used on five-hill plots that were re oli ited at random five 
times. While vine length, wilt and beetle control, and number of fruits produced 
are important factors to consider, the yield weight seems to give the best index 
to the relative efficiency of the treatments. The four best materials contained 
a copper fungicide in addition to an arsenical. The highest yielding plot was a 

3-50 calcium arsenate-copper oxychlori ray, which produced 792 pounds 
of fruit and had only 3.6 per cent of the plants die from wilt. Two dust mixtures, 
containing copper oxychloride, an arsenical at lav in a 1-1-3 dilution, gave 
similar results. The increase of these three materials was statistically significant 
over the standard 1-9 calcium arsenate gypsum dust whicl produced 556 pounds 
of fruit : cn had 24 per cent wilt and over the untreated plot poo h produced 273 
pounds of fruit and hi d 30 per cent wilt. Figur n the cost of 1 sad ils indicate 
that sprays cost one third to one fourth as much as dusts 

50. Some Experiments on Onion Thrips Control. (5 min.) Ray Hutson 

and J. M. Merritt, East Lansing, Mich. 

Details of a series of experiments in onion thriy 
are given which indicate promising control 1 

Insect counts and yield records accumulated in t 
thrips are presented which indicate promising methods and m teri: il for use 
against these insects. The effect of spreaders upon tl ficiency ‘of insecticides 
used against onion thrips is p tod tre by the performance of nicotine with 
different spreading agents. 
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A consideration of the factors in onion growth is presented in conjunction with the 
results and related to them. 

51. The Grasshopper Situation in North Dakota. (10 min.) J. A. 

Munro and Fred D. Butcher, Fargo, North Dakota. 

A discussion of grasshopper outbreaks, distribution of species, and factors influenc- 
ing the shifting of populations in North Dakota. 

52. The Food Plants of the Grasshoppers. E. D. Ball, University, 

Tucson, Arizona. 

A study of the food habits of the 150 species of grasshoppers in Arizona has shown 
that only 5 or 6 of these are normally injurious to cultivated crops and that there 
are about 10 or 12 more that are injurious to the range. 

On the other hand, there are an equal number of species that are highly beneficial 
because they feed nearly exclusively upon and destroy some of the most injurious 
weeds that compete with the grasses and other forage plants. 

When the range is overgrazed these weeds increase in numbers and vigor for a 
few years. Then the grasshoppers that feed upon them often increase to plague 
proportions and nearly destroy these weeds, thus allowing the grasses to re- 
establish. 

53. Studies of Seasonal Occurrence of Injuries to Potato Tubers in 

Western New York. (10 min.) (Lantern) F. G. Butcher, Ithaca, N. Y. 

Data from four years’ investigations indicate a definite seasonal occurrence of 
some of the major potato tuber injuries, and a relationship to each other whereby 
certain injuries may be recognized as secondary, following some primary injury 
to the tuber. 


Program 
Wednesday, Morning Session, January 1, 9:30 A. M. Gold Room 
AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 


INVITATION PAPER 


Teaching and Training in the Field of Entomology, C. J. Drake, Ames, 
Ia. 


READING OF PAPERS 
Insects AFFECTING SHADE AND Forest TREES 
54. Shade Tree Insect Developments (10 min.) E. P. Felt and S. W. 
Bromley, Stamford, Conn. 

The extraordinary abundance of the eastern tent caterpillar results in the passage 
of two local ordinances which are commented upon briefly. Two gall insects, 
Neuroterus trregularis and Cincticornia pilulae were unusually abundant. The 
unique Miastor americana was reared in large numbers from dying elm branches. 
The work of an injurious pine leaf midge, Cecidomyia sp., is briefly described. 
Serious injury by a birch case bearer, Coleophora salmani, was observed at 
Pittsfield, Mass., the insect probably having spread thereto from Maine. The 
status of the European spruce saw-fly, Neodiprion polyotomum, as a shade tree 
pest is briefly discussed. Local occurrence and economic status of the European 
beech scale, Cryptococcus fagi, and the Japanese scale, Leucaspis japonica, is 
summarized. Serious injury to white pine by Dilachnus strobi and to mugho pine 
by Eulachnus rileyi, is recorded, the latter being almost unknown as a pest. 


55. An Experiment in Juniper Webworm Control. (5 min.) M. G. 
Farleman, East Lansing, Mich. 
Contrasted results of spraying with contact insecticides and spreads for control of 
Juniper webworm, Ypsolophus marginellus, in a commercial nursery. 
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56. Competition between the European Larch Case Bearer and the 
Larch Sawfly. (10 min.) S. A. Graham, Ann Arbor, Mich. 

Ten years or more ago the tamarack swamps in the vicinity of Ann Arbor were, 
almost without exception, heavily infested by the Larch Sawfly. The defoliation 
caused by this insect had seriously reduced the vitality of the trees. Since 1927 
the larch casebearer has replaced the sawfly until at present it is difficult to find 
any sawfly work in swamps that were formerly heavily infested. This is due to 
the retardation of the tamarack growth resulting from casebearer defoliation 
in early spring, so that very few shoots suitable for sawfly oviposition are avail- 
able when these insects are flying in early June. This competition between these 
two insects has resulted in more favorable conditions for the tamarack. 

57. The Pine Tip-moths of Southern Ohio. (5 min.) (Lantern) J. B. 

Polivka and J. S. Houser, Wooster, Ohio. 


Damage to the tips of young pine in the State forest plantings of southern Ohio 
is a significant factor in the probable success of some species of pine, particularly 
in some localities. 

During the years 1934 and 1935, a cooperative survey between the CCC organiza- 
tion in the State, the Office of State Forester, and the Departments of Forestry 
and Entomology of the Ohio Agricultural Experiment Station has yielded 
significant data. Three species, listed in the order of their importance, were 
found: Rhyacionia comstockiana Comst., R. frustrana Comst., and Pinipestis 
zimmermannt Grt. Scrubby, distorted growth results from the attack. 

The area of most severe damage corresponds closely with the distribution of native 
pine and the intensity of damage likewise is correlated with the comparative 
abundance of native pine stands. Known data concerning the comparative life 
cycles of the three species are given. 

Results of the survey have added considerably to the heretofore paucity of knowl- 
edge of the three species, and, at the same time, will probably influence the 
future planting policy in the State. 


INSECTICIDES AND THE SPRAY RESIDUE PROBLEM 


58. A Three Year Study of Calcium Arsenate for Codling Moth 
Control. (10 min.) (Lantern) James Marshall and R. L. Webster, 


Pullman, Washington. 


Calcium arsenate has been used in the experimental orchards at Wenatchee for 
codling moth control for the last three years with results comparable to those 
obtained with lead arsenate without the addition of other materials to increase 
the deposit. To prevent foliage injury hydrated lime and certain metallic sul- 
phates, especially zinc sulphate, have been added to the calcium arsenate. 
Where the arsenic deposit on the fruits has been equivalent or better following 
the use of calcium arsenate, the control has been equal, if not better, as com- 
pared to lead arsenate used alone. 

It is more difficult to maintain a given arsenic deposit with the calcium arsenate 
combinations used than with lead arsenate when used alone, especially late in 
the season during second brood attack. 

Excellent control followed the use of calcium arsenate with mineral oil, using the 
latter at one half the amount ordinarily used with lead arsenate. 

Calcium arsenate cannot be expected to hold the codling moth in check in orchard 
districts where lead arsenate used alone has not done so. 

Zinc arsenite was also used, with good results. In this case iron hydrate was prefer- 
able to zinc hydrate or aluminium hydrate as a corrective. 

59. Some Studies on the Relation of Viscosity to Drop Size and the 
Application of Oils by Atomization. (5 min.) Ed. M. Searls and Fred M. 
Snyder, Madison, Wisc. 

These data indicate that with a suction type atomizer, the size of drops, and the 

amount of oil atomized in a given time is directly correlated with the viscosity 
of the oil. 
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60. Miscible Oil Formulae. (10 min.) C. O. Eddy, Lexington, Ky. 

Useful miscible oil formulae for field or laboratory use. Formulae easily made 
without pumping. Adaptable for use with kerosene, carbon disulphide, orthodi- 
chlorobenzene, etc. May be used with dormant or summer oil. 

61. Laboratory Studies on the Toxicity of Nicotine and Soap to the 
Gladiolus Thrips (7 aentothrips simplex (Morison)) and the Onion Thrips 
(Thrips tabaci Lindeman). (5 min.) (Lantern) Floyd Andre and H. D. 
Tate, Ames, Iowa. 

Two species of thrips, namely Thrips tabaci Lindeman, the onion thrips, and 
Taentothrips simplex Morison, the gladiolus thrips, were used as experimental 
insects in determining the toxic effects of both nicotine and soap (sodium oleate) 
when used as sprays under laboratory conditions. 

The gladiolus thrips proved to be far more resistant to the sprays in every instance. 
A 1.5 per cent solution of nicotine mixed with soap was slightly less toxic to the 
onion thrips than was a 7.0 per cent concentration of the same material to the 
gladiolus thrips. 

A 50 per cent mortality of the gladiolus thrips resulted when a 3.0 per cent con- 
centration of nicotine plus soap was used and the same kill was obtained with a 
0.30 per cent concentration of the same spray in the case of the onion thrips. 

From the data it was quite evident that wide differences in susceptibility to con- 
tact insecticides existed between these two species of thrips and recommenda- 
tions for the control of different species belonging to this order should be made 
with regard to the specific species at hand. 

62. The Toxic Action of Nicotines, Nornicotines and Anabasine upon 
Aphis rumicis L. (5 min.) (Lantern) C. H. Richardson, L. C. Craig and 
T. R. Hansberry, Ames, Iowa. 

The toxicities of 1-8-nicotine (natural nicotine), d/-8 nicotine (racemic nicotine), 
dl-z-nicotine, di-8 nornicotine, d/-z nornicotine and anabasine (1-8-pyridyl- 
piperidine) to the adult wingless forms of this aphid have been determined. 
The solutions were applied as a fine spray under standardized conditions. On 
the basis of the concentrations which produce approximate 50 per cent mor- 
talities, dl-8-nornicotine and natural nicotine, which differ only in that the 
former lacks a CH, group on the pyrrolidine nitrogen, were about equally toxic. 
dl-z-nicotine and di-z-nornicotine were similar in toxicity but both were much 
less toxic than natural nicotine and dil-z-nornicotine. Racemic nicotine was 
about one-half as toxic as natural nicotine. Anabasine was considerably more 
toxic than nicotine, confirming recent work of other writers upon the value of 
this compound as an aphicide. The results with the nicotines and nornicotines, 
confirming previous studies upon the pyridylpiperidines, show that linkage at 
the beta position of the pyridine ring is more important for high toxicity than 
linkage at the alpha position. They also show that it may in some cases be 
possible (as with dl-8-nornicotine and neonicotine) to synthesize optically 
inactive compounds which are equally or nearly as toxic to certain insects as the 
related, naturally-occurring optically active compounds (natural nicotine, 
anabasine). 

63. Some Factors Involved in the Use of Chlorinated Naphthalene 

(Halowax) as an Ovicide for the Codling Moth and Oriental Fruit 
Moth. (10 min.) (Lantern) E. P. Breakey and A. C. Miller, Columbus, 


Ohio. 

The ovicidal properties of Halowax having been demonstrated, studies were 
undertaken to determine some of the factors involved in the practical applica- 
tion of this material. Larvae of both the codling moth and fruit moth were 
collected the previous fall and held in storage. Moths obtained from these larvae 
oviposited on the foliage of small apple and pear seedlings which had been 
established in 6-inch pots for convenience in handling. A total of 15,063 fruit 
moth eggs together with 7,344 eggs of the codling moth were used. 
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64. Toxicity of Kerosene Steepates of Derris and Pyrethrum to 
Some Potato Insects. (5 min.) T. C. Allen, Madison, Wisc. 

Kerosene steepates of ground Derris and pyrethrum were tested against the 

potato leaf-hopper and the potato flea beetle under laboratory conditions. 

Insects subjected to the settling mist of oil steepate showed that pyrethrum was 
quite specific as a contact insecticide to the leaf-hoppers while derris was specific 
to the flea beetles. Application of humidified steepates were made under field 
conditions for the control of these insects. 

65. Experiments with Ground Derris Root in Water for the Control 
of the Pea Aphid. (12 min.) J. E. Dudley, Jr., G. E. Bronson, F. E. 
Carroll, Madison, Wisc. 

Three series of experiments were conducted during 1935 in the greenhouse and 
field to test the effect of ground derris root as a spray and as a dust against the 
pea aphid. Results of the experiments were rather definite in showing the follow- 
ing effects: 

Derris as a spray was much more effective and consistent in killing high percent- 
ages of the aphid than was derris as a dust. 

Derris as a spray killed 90 per cent or better of aphids in nearly all tests, the 
average for all tests amounting to 94 per cent killed. 

Derris as a spray did not kill high percentages of aphids rapidly, but killed them 
over a period of three, four, or five days, depending upon weather conditions. 

The effect of derris as a spray was such that little or no reproduction among aphids 
occurred during the period in which they were dying. 

After the maximum percentage of aphids had been killed, the derris spray protected 
the pea vines from appreciable reinfestation for periods of from two weeks to a 
month. 

Derris sprays in the tests in which yields were taken resulted in increases in yield 
averaging 883 per cent. 

66. The Seasonal Quality of Imported Japanese Pyrethrum Flowers. 

(10 min.) D. G. Hoyer, Alfred Weed, S. J. Zarkoski von Schmidt and 
M. D. Leonard, New York City. 


The results presented cover the examination of several thousand tons of Japanese 
Pyrethrum Flowers, imported over a period of more than three years. These 
flowers have been assayed chemically and tested biologically. From the data 
thus obtained monthly averages have been computed and curves have been 
plotted showing the quality by both methods of evaluation. 

From August through January minor fluctuations are exhibited but a relatively 
high level of quality is maintained. From February to the end of March good 
quality is more uncertain and from April until new crop flowers are available 
in July and August there is a decided drop off in the quality of the flowers. 

67. Dust Treatments for Protecting Beans from the Bean Weevil. 

(5 min.) Howard O. Deay and John M. Amos, Lafayette, Ind. 

Tests of 15 different materials to protect navy beans from infestation by the 
common bean weevil Myladrts obtectus (Say) have been carried on for two years. 
Eight of these materials proved to be effective in protecting the beans. These 
materials and the minimum dilutions found effective are: Anderson Clay 1 
part to 75 parts beans by volume; Dawson Clay 1-75; hydrated lime 1-75; 
talc 1-75; wood ashes 1-4; coal ashes 1—4; flour 1-2; barium fluosilicate 1-75. 
(This was lowest dilution used.) Untreated beans exposed to weevil attack in 
the same manner as the treated beans showed infestations varying from 23 to 
84 per cent. 

68. The Effects of Some Inorganic Salts on the Development and 
Reproduction of the Bean Weevil, Acanthoscelides obtectus. (10 min.) 
(Lantern). Ralph J. Bushnell, Madison, Wisc. 

Inorganic salts were added to normal food of the bean weevil, Acanthoscelides 

obtectus, and their effect on the rate of development, the live and dry weights of 
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the newly-emerged adults and reproductivity was studied. Development was 
retarded in the larval, prepupal and pupal stages by sodium chloride, sodium 
nitrate, sodium sulfate and potassium chloride. Ferric sulfate and ferrous 
carbonate retarded development only in the larval stage. Bean weevils reared at 
30° C. in beans treated with sodium chloride, potassium chloride or sodium 
nitrate weighed less and produced fewer offspring than the controls. Bean weevils 
reared at the same temperature in beans treated with calcium or ammonium 
chlorides were heavier in live and dry weights and produced more offspring 
than the controls. Bean weevils reared in beans treated with ferric sulfate were 
heavier than the controls but did not produce more offspring. The effects of the 
various salts on the development and the reproduction of the bean weevil 
depend on the type and the concentration of the agent used. 


69. Arsenical Substitutes. II. Some Relationships between Molecular 
Structure and Toxicity to Insects. (10 min.) (Lantern) J. M. Ginsburg, 
New Brunswick, N. J. 

This paper presents data from laboratory experiments with organic compounds 
against chewing insects and brings out some correlation between toxicity and 
orientation of certain nitrogen groups in the molecule. 

70. Studies of Certain New Wetting Agents and Their Application 
with Insecticides and Fungicides. (15 min.) (Lantern) Ralph E. Heal, 
J. M. Ginsberg and J. B. Schmitt, New Brunswick, N. J. 

Laboratory and field experiments were conducted during the last two seasons with 
several neutral salts of sulfated butyl diphenyl compounds with the object of 
studying their usefulness as wetting agents for contact insecticides; as spreaders 
for stomach insecticides and fungicides, and as oil emulsifiers. The results thus 
far obtained indicate that Aresket can be successfully used as a disperser and 
spreader for lead arsenate and Bordeaux mixture; to make elemental sulfur 
wettable, and to produce efficient wetting with contact insecticides on foliage 
and insects. Areskap can be used to emulsify certain petroleum oils and to make 
pine oil and other non-petroleum oils water miscible. 


71. Experiments with a New Form of Sodium Fluoaluminate. (5 
min.) (Lantern) S. Marcovitch, Knoxville, Tenn. 

A new form of sodium fluoaluminate represents a vast improvement over present 
fluorine insecticides in physical properties. The new insecticide is bulky, oc- 
cupies 85 to 100 cubic inches to the pound, and possesses excellent suspension 
properties. Sprays and dusts on apple, peach, potato, beans, cucumber, tobacco, 
and smartweed showed no foliage injury whatever. Tests against the sweet 
potato flea beetle showed excellent results as compared with Dutox and calcium 
arsenate. Field experiments against the Mexican bean beetle showed control 
practically as good as Cubor and better than Dutox, magnesium arsenate, and 
cryolite. A soapstone HF compound appears promising as a new fluorine insec- 
ticide. 

72. Notes on the Fumigation of Flour Mills with Hydrocyanic Acid 
Gas. (15 min.) (Lantern) Richard Cotton, H. D. Young, G. B. Wagner, 
Manhattan, Kans. 

Vaporized hydrocyanic acid, or gas generated by mixing sodium cyanide with 
dilute sulphuric acid is highly effective in the open space method of fumigating 
flour mills. Hot gas produced by the “‘pot method” of generation at first rises, 
but soon becomes uniformly distributed over the mill. Cold gas produced by 
vaporizing liquid HCN diffuses rapidly and with considerable uniformity. The 
effect of wind velocity, type of mill construction and other factors on gas con- 
centrations are discussed. Spraying liquid HCN directly into milling machinery 
provides an effective method of fumigating flour mills with a saving in time, 
labor and cost of material. 


73. Comparative Methods of Removing the Residue Loads Resulting 
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from a Heavy First Brood Oil-lead Program. (5 min.) C. L. Burkholder 
and O. W. Ford. Lafayette, Ind. 

The spray schedule consisted of a calyx and six first brood covers. The last five 
covers contained arsenate of lead and 1-2 per cent summer oil emulsion. The 
last spray application was completed the first week in July. Spray applications 
were made with stationary equipment supplemented by topping off sprays 
using a large portable rig and tower. Regular sprays were applied inside out as 
well as from the outside of the trees. 

The lead load on Grimes and Winesap resulting from the above schedule and 
method of application ranged from six to eight times the tolerance at harvest. 

A special effort was made to select fruit for the various treatments with as near 
the same residue load per apple as possible. This was done by picking the fruit 
from an area four to six feet from the ground and running this large sample over 
a weight type sizer and using only fruit for the various treatments which weighed 
into one bin. 

All series of treatments for both varieties were completed within a space of forty- 
eight hours after picking. 

The complete series of treatments was run through an Underbrush-flood type 
washer at 20 and 30 seconds exposure using temperatures of 65, 85, 100, and 110 
degrees. A wetting agent at 1/8 and 34 per cent was compared with acid alone. 
Two strengths of acid were used in each series, namely 1% and 2% per cent. 
a aa were stored for injury observations. 


A Statistical Study of the Sampling and Analytical Errors En- 
oamiaea in Analyzing Apples for Lead Spray Residues. (5 min.) C. R. 
Gross, C. W. Murray, C. M. Smith, and C. C. Cassil, Washington, D. C. 

In studying the relation of spray residue to spray schedule and to washing treat- 
ment, it is necessary to know the variability within a single sample of apples 
before the significance of differences between various samples can be judged. 
In 1934, one hundred individual unwashed Winesaps from Kearneysville, W. 
Va., and one hundred groups of two washed Jonathans from Wenatchee, Wash- 
ington, that had been sprayed with lead arsenate were analyzed for lead. In 
1935, this work was repeated, using only one lot of Winesap apples from Mar- 
tinsburg, W. Va., of which 100 individuals were analyzed before washing, 100 
after washing. The results of all these analyses have been treated statistically, 
and data obtained thereby for calculating the size of sample necessary to insure 
any desired degree of accuracy. In the course of the work information was also 
obtained relating to the accuracy and precision of the dithizone-electrolytic 
method used for estimation of the lead content. 


75. Sodium Silicate Used as a Spray on Trees an Aid to the Removal 
of Lead Arsenate Residues. (5 min.) C. L. Fluke, Jr., E. P. Dunn, and 
P. O. Ritcher, Madison, Wisc. 


Further investigations on the incorporation of highly alkaline sodium silicate in 
the last cover spray for apples substantiate the conclusions reported previously 
(By title, jour. Econ. Ent. Vol. 27: p. 17, 1934). These data indicate that if 
sodium silicate is added to lead arsenate at the rate of one pound to forty 
gallons of spray, the lead arsenate residues weather off more rapidly than if the 
silicate is not used, although not too rapidly to affect the necessary protection 
against insect pests. 

The original load of lead arsenate on the apples is approxim: . ‘ly the same whether 
sodium silicate is used, or not. When lime sulfur is added, the load is sometimes 
greater. Sodium silicate acts somewhat as a spreader for the ‘le id arsenate. 

Considerable amount of the spray residues can be removed from apples just before 
picking by spraying the trees with sodium silicate at the rate of one pound to 
forty gallons of water, and following this with a clear water spray. More of the 
residues are removed in this manner if the silicate has previously been incor- 
porated in the last cover spray than where no silicate was used. 


76. The Pre-Harvest Spraying of Apples for the Removal of Lead 








28 


Residues. Harlan N. Worthley and Donald E. H. Frear, State College, 
Pa. 

Apple trees of the Stayman-Winesap and York Imperial varieties were given five 
cover sprays of lead arsenate. On certain trees fish oil was included in the spray 
mixture, and on others the last spray contained mineral oil. One month previous 
to harvest trees receiving each treatment were sprayed with materials thought 
possibly to have the effect of increasing the loss of spray residues from the fruit 
through weathering, and subsequently to facilitate the removal of the residue 
when the fruit was washed in hydrochloric acid. These materials were hydrated 
lime at 10 Ibs. per 100 gals., ammonium nitrate at 8 lbs. per 100 gals., and paste 
Vatsol at % Ib. per 100 gals. 

At harvest bushel lots of apples were picked at random from the lower limbs of 
each tree. Samples were analyzed for lead by the method of Frear and Haley, 
and duplicate samples were washed in 1.5% HCl for 1 minute in a flotation 
washer and analyzed for lead. 

Analyses of the harvested but unwashed fruit from the various treatments showed 
considerable variation in the lead load. Average figures showed no reduction in 
the amount of lead residue due to the supplementary spray of lime, no significant 
reduction due to ammonium nitrate, and a considerable reduction due to the 
Vatsol treatment, the latter being of possible practical significance. Analyses of 
the fruit after washing showed no differences in the ease of residue removal 
attributable to the pre-harvest treatment. Lead residues of 0.079 grain per pound 
at harvest on fruit receiving no supplementary treatment were reduced to 0.012 
grain per pound by the washing treatment. 

77. Blood Albumen fpreader in Use with Oil Sprays. Ralph H. 

Smith and J. P. La Due, Citrus Experiment Station, Riverside, Calif. 


Program 
Wednesday Afternoon Session, January 1, 1:30 P. M. Gold Room 
AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 


Symposium on Orchard Sanitation under the Direction of J. J. Davis, 

Lafayette, Indiana. 

78. Measures Other Than Spraying for Orchard Insect Control. D. L. 
Van Dine, Entomologist, Washington, D. C. 

79. Orchard Disease Sanitation Problems. G. W. Keitt, Plant 
Pathologist, Madison, Wisconsin. 

80. Inter-relationship of Orchard Practices and Pest Control. E. C. 
Auchter, Horticulturist, Washington, D. C 


FINAL BUSINESS SESSION 


Report of Committee on Resolutions. 
Report of Committee on Membership. 
Report of Other Committees. 
Nomination of Journal Officers by Advisory Committee. 
Report of Committee on Nominations. 
Election of Officers. 
Miscellaneous Business. 
Fixing time and place of next Annual Meeting. 
Adjournment. 
L. A. StroneG, President 
Washington, D. 
A. 1. Bourne, Secretary 
Amherst, Mass. 











DIRECTORY OF SUPPLIES AND EQUIPMENT USED AND 
RECOMMENDED BY ENTOMOLOGISTS 


The following directory is compiled and published (1), for the convenience of 
entomologists in knowing where supplies and equipment ordinarily used in connece 
tion with research and control of insect pests can be obtained and subsequently 
recommended, and (2), for the convenience and financial aid to producers and sales 
agencies in bringing their products to the attention of those interested. 

The publishers of the JouRNAL oF Economic ENTOMOLOGY believe the supplies 
and equipment listed in this Directory to be as represented by the manufacturers 
and sales agencies and recommend the use of this Directory whenever and wherever 


practicable. 


JouRNAL oF Economic ENTOMOLOGY, 
A. I. Bourne, Business Manager. 


INSECTICIDES, ADHESIVES AND SPREADERS 


FUMIGANTS AND EMULSIENTS 


Ethylene Oxide, Carboxide and the Ethylene 
Dichloride Mixture—The safe fumigants for 
foodstuffs, clothing, furs, furniture, grain, etc. 

Triethanolamine—aAn excellent emulsient for con- 
as insecticides. 

OOKLETS WILL BE SENT UPON REQUEST 
Carbide & Carbon Chemicals Corporation 
30 East 42nd Street, New York, N 


RED ARROW INSECT SPRAY 
(Pyrethrum Soap) 


and other non-poisonous insecticides are fully 
described in our full page advertise- 
ment on page 6. 


McCORMICK & CO., INC. 
Standardized Liquid and Dust Pyrethrum 


Products. 
BALTIMORE, MD., U.S. A. 


“BLACK LEAF 40” 


World Renowned Aphis Specific. 
Officially recognized o* for | es and cattle scab 
in 


Kills poultry lice A iy P — on roosts 


Tobacco By-Products & Chemical Corporation 
INCORPORATED 
Louisville, Kentucky 


PENETROL 
An activator for nicotine spraying solutions. 


NICOTROL 


A complete self-spreading nicotine ‘ean made 
by combining nicotine with Penet 


KAY-FRIES CHEMICALS, INC, 
180 Madison Ave., New York 


SODIUM FLUOSILICATE—commercial and 
LEVOSOL FLUOSILICATE DUSTING POW- 
DER—light and extra light specially prepared 
grades of Sodium Fluosilicate for dusting on 
plants 
SYNTHETIC CRYOLITE high-test, light and 
fluffy 
ALL FLUOSILICATES AND rygoeibes 
THALLIUM SULPHAT 
JUNGMANN & Co., Incorporate 
155 Sixth Ave., New Y ork, N. Y. 


B. G. PRATT CO. NEW YORK, N. Y. 

SCALECIDE—the premier miscible oil for scale 
since 1904. 

i - sulphur compound for fungous 


ubles 
SULPOCIDE AND SCALECIDE COMBINA- 
TION for most citrus diseases and insects. 
SAMPLES AND LITERATURE ON REQUEST 


CYANEGG (Sodium Cyanide 96-98%) 
For HCN fumigations in industrial structures, 
ships, railroad equipment and houses. 
TRICHLORETHYLENE.. for Ly in fly sprays 
and as insecticide and fumiga 
LITERATURE SENT ON. REQUEST 


THE R. & H. CHEMICALS DEPT. 
E. L. du PONT de NEMOURS & CO., INC. 
Wilmington, Del. 


WILSON’S O. K. PLANT SPRAY 
“Why Bugs Leave Home” 

The Insecticide Supreme—A Contact Spray 
Wilson's Awine Spray 
“Pyrethrum at its Best” 

Wilson's Scale-O 
“The Superior Miscible Oil Spray” 
Wilson's Fung- 
‘Complete Fungicide” 
ANDREW WILSON. INC., Springfield, N. J 


“CORONA DRY” ARSENATE OF LEAD 

A testimonial trail across the country is ren- 
dered by thousands of fruit growers for this 
famous Arsenate of Lead. Also manufacturers 
of a full line of insecticides, fungicides and seed 
disinfectants. 

PITTSBURGH PLATE GLASS COMPANY 

Corona Chemical Division— Milwaukee, Wis. 


PALUSTREX. From pine wood. Increases 
wax solvency and wetting of petroleum. 
Carrier for organic coppers. 


PALUSTREX SULFONATE. 
Insecticide - Fungicide. Spreader - Economizer 
for nicotine and pyrethrum. 


PINEOLE. A Pine Tar Oil used in con- 
trolling codling moth larvae and borers. 


E. W. COLLEDGE, G.S.A. INC. 


Jacksonville, Fla. San Francisco, Cal. 
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INSECTICIDES, ADHESIVES AND SPREADERS—Continued 


DENDROL DORMANT SPRAY OIL 


h rating ove by Ex ent Stations—in 
mt tests—for fruit tree , scale, Euro- 
i red mite, and other pests. ‘Users prefer 

rol because of ease in handling, mixing with 
hard water, for maximum coverage, and extreme 
effectiveness. 


STANDARD OIL CO. (Ind.) Chicago, Il. 


Cc. P. O. SOLID (60% SOAP) 
Cc. P. O. LIQUID (40% SOAP) 

A. dependable, non-poisonous, odorless in- 
secticidal soap spreader for nicotine and pyr- 
ethrum. Tests made by Experiment Stations 
have demonstrated unique uses for this product. 
Information on request. 

CRYSTAL SOAP & CHEMICAL CO., Inc. 

6300 State Road, Philadelphia, Pa. 


SPRAYING AND DUSTING MACHINERY 


Bean sprayers and dusters for orchards and 
crops in a variety of sizes for any requirements. 
Bean leads, others follow 
JOHN BEAN MFG. CO. 


Division Food Machinery Corporation 
Lansing, Mich. San Jose, C 


HIGH DUTY SPRAYERS 
Manufactured by 
FITZHENRY-GUPTILL CO., 

135 First Street East Cambridge, Mass. 


TREE EXPERTS 


SCIENTIFIC TREE CARE 
Whether spraying, feeding, pruning, cavity 
work, tree moving, or other tree care, Davey Tree 
Surgeons will — it successfully, economically 
and scienti y. 
THE DAVEY TREE EXPERT COMPANY 
Main Office, Kent, Ohio 


CHAS, F. IRISH CO. ARBORISTS 


Diagnosis, aeration, feeding, spraying, tree 
moving—eve: operation necessary to a com- 
plete national arboreal service—20 years’ ex- 
perience. 

Cleveland, Ohio and Detroit, Mich. 


WHERE SCIENCE RULES - - - 
THE BARTLETT WAY 
mplete tree health service, founded and 
nie on scientific methods of practice. 
THE F. A. BARTLETT TREE EXPERT CO 
STAMFORD, CONN. 


LABORATORY AND MUSEUM SUPPLIES 


Entomological supplies of all kinds, including 
the American Entomological Co. insect pins, 
Schmitt and Hood insect boxes, insect nets, etc. 
Write for catalogue D-43. 

Ward's Natural Science Establishment, Inc. 
Box 24, Beechwood Station, Rochester, N. Y. 


ENTOMOLOGICAL TEXTBOOKS 


Books by Alex D. MacGillivray 
The Coccidae-Identification Tables, $6.00 net. 
Figures of Insect Wings, 50 cents net. 
SCARAB CO 
Stadium Ave. W. 


201 W. Lafayette, Ind. 
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EXCHANGES 


Exchanges or Wants of not over three lines will be inserted for 25 cents each to run as long as 
the space of this page will permit: the newer ones being added and the oldest dropped if necessary. 
— all notices and cash to A. !. Bourne, Amherst, Mass., by the 15th of the month preceding 
publication. 


FOR EXCHANGE: Journal of Economic Entomology, Vol. 8, complete, bound ; 
Vol. 7, complete; Vol. 15, complete; Vol. 14, Nos. 5 and 6; Vol. 16, No. 1. Volumes 
and numbers desired: Vols. 1, 2, 3, and 4, complete; Vol. 5, Nos. 1, 2 and 3; Vol. 
11, No. 6, Vol. 16, No. 2. R. R. Parker, U. S. P. H. S., Hamilton, Montana. 


“DICTIONARY of Entomological terms: In preparation, Authors invite corre- 
spondence relative thereto and request new words as well as references to articles citing 
terms or dealing in any way with nomenclature.”” Parker & Smith, Avenue Godillot, 
Hyeres, Var, France. 














Research chemist with 10 years’ successful experience with entomological 
problems wishes to make a connection with an industrial firm (preferably in the 
Philadelphia area) interested in the development of insecticides. 

Kindly address reply to Box L, Journal of Economic Entomology, 
Amherst, Mass. 





WANTED: New or old unpublished information on methods of rearing, trap- 
ping or handling living insects. To be published in Part 2 of A Manual of Ento- 
mological Equipment and Methods, now being prepared. Full credit given to con- 
tributors. Please send information to Alvah Peterson, Ohio State University, 
Columbus, Ohio. 


EXTERMINATING BUSINESS in Middle Western City for Sale. $20,000. 
Netted owner at least $12,000 each year depression or no depression and can 
be very much enlarged. Establish your financial responsibility in answer to 
Box H, Journal of Economic Entomology, Amherst, Mass. 








A chemist of long experience with insecticides and fungicides, having a labora- 
tory and testing field, desires an experienced entomologist as an associate for re- 
search and consulting work. Address Box K, Journal of Economic Entomology, 
Amherst, Mass. 


INDEX TO THE LITERATURE OF AMERICAN 
ECONOMIC ENTOMOLOGY 


AT REDUCED PRICE 
VOLUME IV 





Compiled by MaBeLt CoLcorp 
Edited by Dr. E. P. Fett 
Covering Period for 1925-1929 
518 pages Bound in Cloth 
Postpaid to United States, Canada, Cuba, and Mexico—$ 4.00 
To all other countries—$4.50 
This book is invaluable to libraries and all working entomologists 


Order from 


AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


A. I. Bourne, Secretary 
Amherst, Mass 
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PUBLISHED BY THE AMERICAN ASSOCIATION 
OF ECONOMIC ENTOMOLOGISTS 


PRESENT PRICES OF ALL INDICES 


March 1, 1935 








Index to the Literature of American 


Economic Entomology 
1905 to 1914 
By Nathan Banks 


This book, containing 330 pages, is a working index of American literature on 
economic entomology for the years 1905 to 1914. 

Postpaid to United States, Canada, Cuba, or Mexico, $5.00; all other countries, 
$5.50. 


Index Il to the Literature of American 


Economic Entomology 
1915 to 1919 


By Mabel Colcord 


This book, bound in cloth, containing 390 pages, indexes American literature on 
economic entomology for 1915 to 1919. 
Postpaid to United States, Canada, Cuba, or Mexico, $4.50; all other countries, 


$5.00. 
Index III to the Literature of American 


Economic Entomology 


1920 to 1924 
By Mabel Colcord 


This book, bound in cloth, containing 441 pages, indexes American literature 
on economic entomology for 1920 to 1924. 

Postpaid to United States, Canada, Cuba, or Mexico, $4.00; all other countries, 

50. 





























COMMON NAMES OF INSECTS 


A complete list of the Common Names of Insects, approved by the American 
Association of Economic Entomologists, has been issued. Copies are available 
at 50 cents each 





No library is complete without these publications and every 
working entomologist constantly needs them for reference. Take 


advantage of this reduction in price and 
Send orders to: A. I. BOURNE, Secretary, 
Amherst, Mass 
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JOURNAL OF ECONOMIC 
ENTOMOLOGY 


Prices for back volumes and single numbers of the 
Journal of Economic Entomology are as follows until 
further notice: 

Volume 1, Nos. 1, 3 and 4, 1908 


(Nos. 2, 5 and 6 out of print) Single numbers $1 each, 


ee a wk bc en ber een 3.50 
is . 6G ou aut a's Wace pes ose wale awe 3.50 
a cas a6 kway bb ok Dine when tok 3.50 
CR a ee, ae ee 3.50 
SE Re ey ee ee 3.50 
Volume 7, 1914 ; 
Volume 8, 1915 

Volume 9, 1916 

Volume 10, 1917 

Volume 11, 1918 

Volume 12, 1919 


(No. 1 sold only with complete volume. Other numbers 
$1.00 per copy) 


Volume 13, 1920 
Volume 14, 1921 
Volume 15, 1922 
Volume 16, 1923 
Volume 17, 1924 
Volume 18, 1925 


(No. 2 sold only with complete volume.) 


Volume 19, 1926 


(No. 1 sold only with complete volume.) 
Volume 20, 1927 
Volume 21, 1928 ‘ 
Ned os niu aed a unenebineaaaa’ . 
NS. 5s 5 win ianiah wae abe ee Rae ' 
Volume 24, 1931 “A 
Volume 25, 1932 
Volume 26, 1933 
Volume 27, 1934... .. 
Volume 28, 1935 (Current Volume) 
On volumes mailed to foreign countries an extra charge of 50 cents 
is made to cover postage. 





Price of all other single numbers, 75c each. 


A. I. Bourne, 
Business Manager. 
Amherst, Mass. 
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The Most 
Highly Concentrated 


YRETHRUM 
OAP SPRA 


on the Market 
ILLS BOTH SUCKING AND 


RED ARROW 


GARDEN SPRAY 





Errecrive control of all usual 
garden insects is obtained with Red 
Arrow. Red Arrow is a highly concen- 
trated pyrethrum extract combined 
with a special soap. It is non-poisonous, 
and non-inflammable. Also, at the new 
low bulk prices, Red Arrow costs less in 
killing solution. No soap is needed with 
Red Arrow, to give an effective kill of 
both sucking and chewing insects. 
However, the toxicity of the pyrethrum 
charge may be increased, and the cost 
per gallon reduced, by conditioning the 
finished spray with Red “A” Liquid 
Soap described below. 


RED “A” SOAP: A liquid neutral potash 
cocoanut oil soap with 40% soap content. It 
is an insecticide itself—also an ideal activator 
and spreader for use with Red Arrow, reducing 
the cost of the spray solution. 


CHEWING INSECTS 


BLACK ARROW AGRICULTURAL 
DUSTS: Black Arrow Dust—5000 is a com- 
bination of very finely ground pyrethrum 
powder with other insecticidal factors. Black 
Arrow—2700 is a special pyrethrum dust 
used exclusively by the mushroom industry. 


McCORMICK’S ROTENONE DUST °4°:: 
Contains %4,% Rotenone, plus all the other 
“toxic ingredients of rotenone bearing roots. 


McCORMICK’S PYRETHRUM POWDER: 
Finest available, with a known high pyre- 
thrin content. Ground extremely fine—con- 
tains more killing particles per pound—re- 
mains suspended in the air longer. More 
effective and economical because it comes 
into more intimate contact with the vital 
parts of the insect. 


McCORMICK’S DERRIS POWDER: Fin- 
est ground powder in the world. Standard- 
ized at 4% rotenone. Suitable for use in 
aqueous sprays as it will not clog spray 
nozzels. 


McCormick's Pyrethrum and Derris Products are standardized analytically and 
biologically. For further information write to: 


McCORMICK & CO., Inc. 


BALTIMORE, MARYLAND, U. S. A. 
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These important original Contributions on 
Pyrethrum are from the Laboratories of 


MCLAUGHLIN GORMLEY KING 


1—Developed a method of evaluating pyrethrum flowers, now recognized 
as the most conservative, most accurate method, and used officially in 


Japan and Dalmatia. 
(J. Am, Chem, Soc. 51, 3054-64, 1929) 


2—Produced the first standardized pyrethrum concentrate, Pyrocide 20— 
now used in more than forty countries, and accepted as THE FIRST 
STANDARD BRAND,—the basis for all comparisons. 

(Ind, Eng. Chem., 24, 988-91, 1932) 
3—Disproved the closed-flower theory. Showed that mature flowers are 
higher in pyrethrin content than immature. This revolutionized flower 


culture. 
(J. Am. Chem. Soc, 52, 680-4, 1930) 


4—Proved that commercial Japanese pyrethrum is much more toxic than 
Dalmatian. This led to studies to improve the quality of the Dalmatian 
flowers, in which our laboratory cooperated with the Government of 
Jugoslavia and established the Government testing laboratory at Split, 


Jugoslavia. 
(J. Am, Chem. Soc. 52, 684-8, 1930) 
(Soap, 9, No. 7, 82-5, 1933) 
5—Determined the relative toxicity of pyrethrins I and II. While this 
point is still a subject of debate, it was clearly shown in the laboratory 
of one of the authors of the Peet-Grady method, that pyrethrin II is 
approximately 80% as toxic to flies as pyrethrin I. 

(J. Am. Chem, Soc., 52, 3300-7, 1930) 
6—Showed the effect of storage, light and heat on flowers,—progressive 
loss of activity was established and upset manufacturing conventions and 
traditions, leading to the adoption of concentrates for uniform killing 


power at low cost. 

(Ind. Eng. Chem., 24, 901-3, 1932) 
7—Demonstrated that pyrethrum flowers must be ground so that pyre- 
thrins could be more completely extracted; that the achenes must be 
broken. 

(“Pyrethrum Flowers,” 1933) 
8—Investigated the effect of storage, light and heat on solutions of pyre- 
thrum, both concentrates and finished insecticides,—eliminated the trade 
practice of packing insecticides in glass. 

(Ind. Eng. Chem., 24, 988-91, 1932) 
9—Showed that the Seil acid method of assaying pyrethrum flowers gives 
results averaging 12% higher than copper reduction method, which elimi- 
nated confusion in purchasing specifications. 

(“Soap”, Vol. X, No. 9, 89, Sept., 1934) 
10—Conducted the most extensive examination into the culture of pyre- 
thrum leading toward the establishment of a new profitable crop for 


American farmers. (Being continued.) 
(Colo. Agr. Exp. Sta, Bull., 401, 1-19, 1933) 


McLaughlin Gormley King Company 


MINNEAPOLIS, MINN. 
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ETHYLENE OXIDE 
CARBOXIDE 
ETHYLENE DICHLORIDE , Fumigants 


ETHYLENE DICHLORIDE. 
CARBON TETRACHLORIDE 
MIXTURE 


These safe fumigants are adaptable to a great variety of fumi- 
gating problems. Their use is steadily growing in many fields of 
industry. 


The effectiveness of Ernytene Oxipe, as a fumigant, was 
originally discovered by Scientists of the U. S. Department of 
Agriculture. Later it was announced by the same authorities that 
the addition of seven to eight parts of Carbon Dioxide to one part 
of Ethylene Oxide increased the efficiency of the fumigant by in- 
creasing the respiratory action of the insects. 


CARBOXIDE is a non-flammable Mixture of liquified Ethylene 
Oxide and Carbon Dioxide. It is available in steel cylinders. This 
fumigant is adapted to fumigation of all kinds but it is particularly 
valuable in treating foodstuffs as it is not dangerously toxic to 
humans and leaves no taste or odor with the materials fumigated. 


ETHYLENE DICHLORIDE is an effective fumigant either 
alone or as a non-flammable mixture with carbon tetrachloride 
These fumigants are particularly well suited for fumigating cloth- 
ing, furs, furniture, rugs and grains. 


Pamphlets describing these fumigants will be gladly sent upon 
request. 


Carbide and Carbon Chemicals Corporation 


Carbide and Carbon Building 
30 East 42nd Street New York City 
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POWER 
SPRAYING 


would have saved 
these trees 


This cut illustrates two of the several 
hundred beautiful elm trees, killed by 
the ELM LEAF BEETLE in one of 
our largest Lynne cities, because 
they were not sprayed. 

Does a similar problem confront you? 


If so, let us tell you about our meth- 
od by which large trees may be spray- 
ed for a few pennies each. 

Among those using our HIGH 
DUTY sprayers are: United States De- 

artment of Agriculture; United States 

ar Department ;United States Capitol 
Grounds; District of Columbia; Massa- 
chusetts State Forester; Massachusetts 
Metropolitan Parks; Massachusetts 
Metropolitan Water and Sewerage 
Board; Cities of Boston, Mass; Albany, 
N. Y ; Providence, R. I., and over 100 
others 


We manufacture and sell over 90% 
of the HIGH DUTY sprayers used in 
the United States. 


Catalog on request. 


FITZHENRY-GUPTILL COMPANY 


135 First Street 
EAST CAMBRIDGE, MASS. 


Spraying for the ELM LEAF BEETLE with our Standard “A”. United States Capitol Grounds 
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isn 3 PRAY 


A 97% Active Spray Material 


Ready for instant use. Self-emulsifying in any 
water. Will not freeze nor deteriorate from season 
to season. 


No Waste—No Loss—No DEererrioraTION. 





Cresylic Acids and Tar Oils can be 
used with Sunoco Spray Oil for aphis 
control on apple trees. 











European Elm Scale 
Write for Our Booklet 


‘*SUNOCO FOR ORNAMENTALS” 
Safe and Correct Sprays for Scale Insects on Trees and Shrubs 


Usep sy LeapInc ParkKs AND Fruit Growers 
Branches in Leading Cities 
Made by SUN OIL COMPANY, Producers of Blue Sunoco Motor Fuel 


1608 Watnut STREET PHILADELPHIA, Pa. 

















WARD'S ENTOMOLOGICAL SERVICES 


Entomological Supplies and Equipment 
Carefully designed by professional entomologists. Material of high 
quality at low prices. Send for Supply Catalog No. 348. 


Insect Preparations 
Life Histories, Type Collections, Collections of Economic Insects and 
Biological Insect Collections. All specimens are accurately determined. 


Send for catalog No. 360. 
Insects for the Pest Collection 


We have in stock over three hundred species of North American Pests 
Send for Price List No. 349. 


Ward’s Entomological Bulletin 


A monthly publication sent free to all entomologists requesting it 


Ward’s Natural Science Establishment, Inc. 


P. O. Box 24, BEECHWoop STATION, RocuHeEstTeEr, N. Y., U. S. A. 


The Frank A. Ward Foundatian of Natural Science of the 
University of Rochester 
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